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rretory  function  of  the  endocrine 
s  altered  by  a  number  of  neutro- 
rs  including  epinephrine  (1), 
hrine  (2),  acetylcholine  (3),  ser- 
),  dopamine  (5),  and  L-dopa  (6, 
neural  control  of  the  endocrine 
has  been  reviewed  in  detail  (8); 
•ear  to  be  at  least  two  mecha- 
action  associated  with  these  neu- 
ters. The  most  extensively  stud- 
anism  involves  the  stimulation 
sion  of  Or  and  )8-adrenergic  recep- 
mses  (8).  Another  mechanism 
function,  independent  of  the  ad- 
lervous  system,  via  the  choliner- 
•  dopaminergic  (5)  pathways.  In 
It  data  from  our  laboratory  have 
at  L-dopa  elicits  the  release  of 
and  promotes  hyperglycemia  in 
6)  and  man  (7). 

le  mechanism  responsible  for  the 
iuced  release  of  glucagon  is  un- 
tudies  were  designed  to  define 
ipletely  the  role  of  the  sympa- 
rvous  system  in  this  phenome- 
ntolamine  and  propranolol  were 
block  the  a-  and  j3-adrenergic 
respectively.  In  addition,  dopa- 
given  to  determine  if  it  would 
5   L-dopa-induced  release  of  glu- 

lium  tartrate,  a  ganglionic 
vas  given  alone  and  in  conjunc- 
L-dopa  to  ascertain  the  role  of 
omic  ganglia  in  mediating  the  l- 
ced  release  of  glucagon. 

ducting  the  research  described  in  this 
investigators  adhered  to  the  **Guide  for 
id  Use  of  Laboratory  Animals,"  as  pro- 
^  the  Committee  on  the  Revision  of  the 
^boratory  Animal  Facilities  and  Care  of 
:  of  Laboratory  Animal  Resources,  Na- 
;arch  Council.  The  facilities  are  fully 
>y  the  American  Association  for  Accred- 
boratory  Animal  Care. 


Materials  and  methods.  One  hundred 
and  twenty  14-hr-fasted,  180-  to  220-g  male 
Fisher-Dunning  rats  were  randomly  as- 
signed to  12  groups  of  10  animals  each. 
Table  I  presents  the  experimental  design 
used  to  assess  the  influence  of  L-dopa  as 
well  as  selected  adrenergic  and  ganglionic 
blockers  upon  the  L-dopa-induced  release 
of  glucagon.  The  first  study  consisted  of  30 
rats  which  had  no  pretreatment,  whereas 
in  studies  2,  3,  and  4  each  rat  received  a 
prior  intraperitoneal  (ip)  injection  of  phen- 
tolamine,  propranolol,  pentolinium  tar- 
trate 20  min  before  the  intravenous  (iv) 
injection  of  L-dopa  or  saline.  Following 
sodium  pentobarbitol  (50  mg/kg,  ip) 
anesthesia  a  midline  laparotomy  was  per- 
formed exposing  the  hepatic  portal  and 
left  femoral  veins.  A  21-gauge  pediatric  iv 
injection  set  was  inserted  into  the  hepatic 
portal  vein,  the  basal  (time  =  0)  1.5-ml 
blood  sample  was  taken,  and  the  catheter 
was  flushed  with  1.5-ml  of  saline.  Imme- 
diately after  obtaining  the  basal  sample  a 
25-gauge  needle  was  inserted  into  the  fem- 
oral vein  for  the  administration  of  L-dopa, 
dopamine,  or  saline  over  a  30-sec  time 
period.  Two  subsequent  blood  samples 
were  obtained  from  the  portal  vein  of  each 
rat  5  and  15  min  after  the  iv  injection. 
Samples  were  immediately  transferred  to 
iced,  capped,  polypropylene  test  tubes  con- 
taining 15  mg  of  disodium  ethylenedia- 
minetetraacetic  acid  and  1000  U  (kalli- 
krein  inactivator  units)  of  Trasylol/ml  of 
whole  blood.  The  samples  were  centri- 
fuged  at  4°  for  15  min  at  lOOOg;  the  plasma 
was  separated  and  stored  at  -20°  until 
assayed  for  glucose  (9),  glucagon  (10),  and 
insulin  (11).  Data  were  analyzed  using 
Student's  /  test  for  paired  or  unpaired 
variates;  P  <  0.02  was  the  criterion  of 
significance. 

Results.  The  first  study  evaluated  the 
effects   of   L-dopa,   dopamine,   and   saline 
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upon  the  portal  vein  concentrations  of  glu- 
cagon, insulin,  and  plasma  glucose  in  the 
rat.  The  iv  administration  of  10  mg/kg  of 
L-dopa  or  dopamine  induced  a  significant 
(P  <  0.01)  increase  in  portal  plasma  glu- 
cagon at  5  and  IS  min  which  was  accom- 
panied by  a  significant  (P  <  0.001)  eleva- 
tion in  portal  plasma  glucose  (Fig.  1).  The 
saline  data  demonstrate  that  the  anesthe- 
sia and  animal  manipulation  had  no  effect 
upon  the  subsequent  portal  vein  concen- 
trations of  glucagon  and  glucose.  Portal 
vein  concentrations  of  insulin  determined 
during  the  height  of  the  glucagon  response 
at  5  min  were  unaltered  by  L-dopa  and 
dopamine  treatments  when  compared  to 
saline  controls  (Table  I). 

The  second  study  evaluated  the  effect  of 
an  a-adrenergic  receptor  blocking  agent 
on  the  L-dopa-induced  release  of  glucagon 
in  the  rat.  As  shown  in  Table  II,  phentol- 
amine      blocked      the      L-dopa-stimulated 

TABLE  I.  Experimental  Design,  Drug 

Treatments,  and  the  Portal  Plasma  Vein 

Insulin"  Concentrations  5  min  after  Injection 

OF  L-DoFA  or  Dopamine. 


Study 
No. 


Treatments  (dose) 


Portal 

plasma  in-  P  com- 

sulin  (/LtU/  pared  to 

ml)  controls* 


1  Saline  controls'"  20  ±  2 
L-Dopa    (10   mg/kg,      31  ±  7  NS 

iv) 
Dopamine    (10    mg/      16  ±  5  NS 

kg, iv) 

2  Phentolamine      con-    243  ±  82       <0.01 

trols  (4  mg/rat,  ip) 
Phentolamine    +    l-    248  ±  27      <0.001 

dopa 
L-Dopa  controls  48  ±  10 

3  Propranolol  controls      58  ±  13  NS 

(1  mg/rat,  ip) 
Propranolol      +      l-      33  ±  5  NS 

dopa 
L-Dopa  controls  28  ±  4 

4  Phentolinium        tar-      53  ±  12  NS 

trate    controls    (5 

mg/rat,  ip) 
Phentolinium        tar-      36  ±  6  NS 

trate  +  L-dopa 
L-Dopa  controls  31  ±  6 

"  Ten  rats  per  group;  mean  ±  SEM. 
*  Saline,  study  1;  L-dopa,  studies  2-4. 
*■  Saline  was  given  iv  in  a  volume  equivalent  to  l- 
dopa. 
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Fig.  1.  Effect  of  dopamine  (A)  and  L-do 
plasma  glucose  and  glucagon  levels  in  n 
0.01  and  **P  <  0.001  by  paired  t  lest  coi 
time  0  values  for  each  treatment.  Standi 
are  plotted  when  P  <  0.01  by  unpaired 
compared  to  saline  controls  (#). 

release  of  glucagon  and  glucose, 
ment  with  phentolamine  elicited  j 
cant  (P  <  0.001)  elevation  of  port2 
insulin  (Table  I).  L-dopa  had  r 
upon  the  phentolamine-induced  in 
sponse. 

The  third  study  evaluated  the 
of  prior  j3-adrenergic  receptor  bloc 
tablished    with     propranolol     (1 
there  was  no  effect  upon  the  port2 
glucagon.     However,     it     did     sig 
elevate  plasma  glucose   at   5    (P 
and  15  (P  <  0.001)  min  when  con 
basal  levels  (Table  II).   During  jQ 
blockade,    L-dopa    was    still    an 
stimulator  of  glucagon  release  at  : 
min  (P  <  0.01)  but  there  was  a  s 
muting  of  the  response  (P  <  0.( 
compared  to  the  L-dopa  controls  (^ 
Although    propranolol    induced    i 
tion  of  plasma  glucose,  the  L-dopj 


ADRENERGIC    AND    GANGLIONIC    BLOCKADE  — GLUCAGON    RESPONSE 

VBLE  II.  Portal  Plasma  Levels  of  Glucagon  and  Glucose  in  Rats  During  Adrenergic  and 
Ganglionic  Blockade  at  0,  5,  and  15  min  after  l-Dopa. 


0  Minutes 

5  Minutes 

15  Minutes 

Glucagon 

Glucose 

Glucagon  (pg/ 

Glucose 

Glucagon 

Glucose 

Group 

(pg/ml) 

(mg/dl) 

ml) 

(mg/dl) 

(pg/ml) 

(mg/dl) 

amine  +  saline 

73  ±  7 

114  ±2 

76  ±  6*'^ 

118  ±  3 

93  ±  n** 

120  ±6^ 

amine  +  L-dopa 

66  ±  5 

98  ±6 

82  ±  10«^ 

130  ±9 

90  ±  lO** 

122  ±  7- 

controls 

118  ±  14 

107  ±3 

1169  ±  163' 

140  ±  3' 

255  ±  33' 

187  ±6' 

lolol  +  saline 

114  ±  21 

122  ±5 

73  ±  5' 

144  ±  4 

100  ±  16 

161  ±  3'' 

lolol  +  L-dopa 

68  ±5 

120  ±4 

451  ±  80^ 

150  ±  6 

209  ±  68- 

188  ±  9 

controls 

76  ±  11 

121  ±  10 

773  ±  88' 

138  ±  14 

155  ±  27'' 

208  ±  17' 

lium    tartrate    +        75  ±  1 1        102  ±  4 


46  ±  2*^ 


111  ±  3'* 


51  ±5'* 


120  ±  3'' 


lium  tartrate  +  l-        46  ±  3  111  ±  9  688  ±  99  118  ±  5'*  148  ±  20<^         176  ±  10^ 

controls  92  ±  12        114  ±5  807  ±  103'       151  ±11'       246  ±  43'        213  ±  8' 

tistically  significant,  as  follows:  (a)  P  <  0.02  vs  L-dopa  controls;  (b)  P  <  0.01  vs  L-dopa  controls;  (c)  P 
I  vs  L-dopa  controls;  (d)  P  <  0.025  vs  0-time  values;  (e)  P  <  0.01  vs  0-time  values;  (f)  P  <  0.001  vs  0- 
ues. 


significantly  (P  <  0.01)  higher  than 
opranolol  controls  (Table  II).  Portal 
I  insulin  levels  tended  to  be  higher 
^re  not  significantly  altered  by  pre- 
ent  with  propranolol  (Table  I). 

ganglionic  blocker  pentolinium  tar- 
vas  examined  in  the  fourth  study.  It 
arent  in  Table  II  that  this  agent  had 
ect  upon  the  portal  plasma  concen- 
is  of  glucagon  or  the  L-dopa-me- 
glucagon  response.  Ganglionic 
de  diminished  the  plasma  glucose 
ise  to  L-dopa  at  5  and  15  min.  Portal 

of  insulin    in    pentolinium   tartrate- 
1   rats  were   not   significantly   differ- 
►m  the  L-dopa  controls  (Table  I). 
:ussion.  The  data  presented  demon- 

that  L-dopa  induces  a  significant 
i  of  glucagon  which  is  detectable  at 
concentrations     in     portal     plasma 

5  min.  The  magnitude  and  timing 
5  response  in  rats  is  in  agreement 
previous  studies  in  monkeys  (6). 
dopamine  is  unable  to  cross  the 
brain  barrier  (13)  but  mimics  the  l- 
nduced  release  of  glucagon,  the  ef- 
f  these  compounds  appears  to  be 
eral,  and  not  central  nervous  sys- 
ediated  as  postulated  previously  (6, 
le  inability  of  ganglionic  blockade  to 

the  L-dopa-induced  glucagon  release 
es  that  the  response  probably  is  not 
;ed  via  the  autonomic  ganglia.  Since 

been  shown  that  L-dopa  may  be 
3lized  within  the  pancreas  to  norep- 


inephrine and  epinephrine  (14)  and  that 
both  the  a-  and  j3-adrenergic  blockers  are 
effective  suppressors  of  the  glucagon 
release,  it  appears  likely  that  the  response 
is  mediated  via  the  adrenergic  receptors. 
These  findings  are  consistent  with  the 
report  of  Harvey  et  al.  (15),  but  in  direct 
contrast  to  our  previous  reports  in  mon- 
keys. The  reasons  for  these  differences 
appear  to  be,  first,  species  differences,  or 
second,  a  more  likely  explanation,  differ- 
ences in  dosage  of  the  a-  and  )8-blockers. 
Although  our  previous  studies  in  monkeys 
indicated  effective  blockade  of  some  pa- 
rameters, it  was  not  sufficient  to  alter  the 
insulin  release  prior  to  L-dopa  treatment 
(6).  In  the  present  study  the  a-blocker 
engendered  a  striking  increase  in  plasma 
insulin.  Furthermore,  Wilson  et  al.  (5) 
have  reported  inhibition  of  the  L-dopa-me- 
diated  insulin  responses  with  similar  high 
doses  of  a-blockers. 

An  alternate  explanation  for  the  L-dopa- 
mediated  endocrine  pancreas  responses,  as 
proposed  by  others  (5,7),  is  the  presence  of 
dopaminergic  receptors  within  the  endo- 
crine pancreas.  However,  recently  Lorenzi 
et  al.  (16)  have  reported  that  this  is  not  a 
likely  explanation  since  a  known  dopami- 
nergic agonist,  apomorphine,  was  unable 
to  stimulate  the  release  of  glucagon  and 
insulin  in  man. 

Therefore  it  appears  likely  that  the  re- 
sponse is  due  to  metabolism  of  L-dopa  and 
dopamine  to  norepinephrine  and  epineph- 
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line  and  is  a  result  of  stimulation  of  the 
a-  and/or  )8-adrenergic  receptors. 

Summary,  To  help  characterize  the  l- 
dopa-mediated  release  of  glucagon,  rats 
were  given  either  L-dopa  or  dopamine  (10 
mg/kg)  intravenously;  portal  plasma  lev- 
els of  insulin,  glucagon,  and  glucose  were 
measured  in  the  presence  and  absence  of 
adrenergic  and  ganglionic  blockers. 

The  a-adrenergic  blocker  (phentol- 
amine)  suppressed  the  glucagon  and  glu- 
cose responses  to  L-dopa  and  increased 
plasma  insulin  levels.  j3- Adrenergic  block- 
ade with  propranolol  ameliorated  the  l- 
dopa-mediated  glucagon  and  glucose  re- 
sponses but  had  no  effect  on  plasma  insu- 
lin levels. 

Ganglionic  blockade  with  pentolinium 
tartrate  was  ineffective  and  did  not  alter 
any  of  the  L-dopa-mediated  responses  of 
glucagon,  insulin,  or  glucose. 

These  data  indicate  that  L-dopa  and  do- 
pamine probably  act  via  the  sympathetic 
nervous  system  through  known  pathways 
enhancing  the  release  of  glucagon.  Fur- 
thermore they  substantiate  the  fact  that 
the  adrenergic  nervous  system  is  involved 
in  the  regulation  of  the  endocrine  pan- 
creas. 
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^ously,  it  has  been  reported  that 
lyperlipemic,  maturity-onset  diabetic 
rat  (1)  had  significantly  higher  levels 
•um  free  glycerol  than  the  normoli- 
,  nondiabetic  Wistar  rat  (2).  The 
;  of  this  glycerol  was  not  elucidated 
as  a  causal  relationship  between  the 
ed  glycerol  and  hepatic  lipogenesis 
I. 

«ntly,  Lin  et  al.  (3)  reported  that 
g  large  quantities  of  glycerol  had 
effect  on  hepatic  lipogenesis  as  mea- 
by  the  incorporation  of  tritium  into 
acids,  while  inducing  an  increase  in 
ctivities  of  citrate  cleavage  enzyme 
.1.3.8),  malic  enzyme  (EC  1.1.1.40), 
atty  acid  synthetase.  If  one  assumes 
his  high  dietary  glycerol  intake  re- 
in elevated  serum  glycerol  levels, 
ould  also  assume  that  this  experi- 
would  produce  a  rat  which  might  be 
r  to  the  BHE  rat  at  least  in  so  far  as 
elationship  between  serum  glycerol 
and  hepatic  enzyme  activity  was 
Tied.  One  might  conclude,  therefore, 
he  elevations  in  serum  glycerol  re- 
I  to  occur  in  the  BHE  rat  do  not 
a  causal  relationship  to  the  previ- 
reported  enhanced  lipogenesis  in  the 
rat.  This  hypothesis,  of  course,  raises 
lestion  of  the  significance  of  elevated 
glycerol  levels.  It  may  well  be  that 
abnormality"  is  merely  characteristic 
more  fundamental  error  in  metabo- 
/hich  ultimately  results  in  the  devel- 
it  of  hyperlipemia,  maturity-onset 
es,  and  vascular  disease,  diseases 
ent  in  the  300-  to  400-day-old  BHE 

>ported  by  the  BLY  Memorial  Research  Fund 
Veterans  Administration  Hospital. 
:sent  address:  Department  of  Foods  and  Nu- 
University    of   Georgia,    Athens,    Georgia 
Dawson  Hall). 


rat  (1,  4).  For  this  reason  we  decided  to 
investigate  glycerol  metabolism  in  the 
BHE  rat  compared  to  the  normal  Wistar 
rat.  We  restricted  our  inquiries  to  the 
metabolism  of  the  liver  since  previous 
studies  have  shown  that  the  major  differ- 
ences in  lipid  metabolism  (as  well  as  glu- 
cose metabolism)  were  observed  in  this 
organ.  The  study  consisted  of  a  series  of 
experiments  designed  to  answer  the  fol- 
lowing questions  in  sequence:  (i)  Using  a 
homogeneous  BHE  population,  could  the 
previously  reported  elevation  in  serum 
free  glycerol  be  demonstrated?  (ii)  Were 
these  differences  in  serum  free  glycerol 
due  to  (a)  strain  differences  in  heparin- 
induced  lipoprotein  lipase  activity  or  (b) 
differences  in  the  capacity  of  the  liver  to 
metabolize  varying  levels  of  incoming 
glycerol?  (iii)  Were  there  differences  in 
the  hepatic  metabolism  of  glycerol?  Using 
BHE  and  Wistar  rats  we  found  that  while 
glycerol  can  enter  the  liver  cell,  its  move- 
ment from  the  cytosol  to  the  mitochondria 
is  restricted,  necessitating  the  develop- 
ment of  alternate  pathways  for  glycerol 
metabolism  which,  in  turn,  may  contrib- 
ute to,  rather  than  inhibit,  the  lipogenic 
capacity  of  the  BHE  liver. 

Materials  and  methods.  Four  experi- 
ments were  conducted.  Each  experiment 
utilized  age-matched  young  male  BHE 
and  Wistar^  rats.  The  BHE  rats  used  were 
third-  and  fourth-generation  -  animals 
inbred'*  (brother-sister  matings)  to  pro- 
duce a  homogeneous  population  of  matu- 

^  Wistar  rats  were  purchased  from  Charles  River 
Breeding  Laboratories,  Wilmington,  Massachu- 
setts. 

*  The  original  BHE  animals  were  purchased  from 
Flow  Laboratories,  Dublin,  Virginia.  The  BHE  col- 
ony has  been  moved  from  this  facility  to  the  NIH 
Animal  Resource  Center. 
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rity-onset  diabetic,  hyperlipemic  rats. 
These  rats  differed  from  the  rats  used  in 
previous  work  (1,  4)  in  that  they  were 
more  uniform  in  response  to  carbohydrate 
feeding  and  in  the  development  of  the 
strain  characteristics.  The  rats  were 
housed  in  stainless-steel  cages  in  a  tem- 
perature-humidity-controlled room  hav- 
ing equal  12-hr  periods  of  light  and  dark. 
Food*  and  water  were  always  available. 

In  the  first  experiment,  two  groups  of 
10  BHE  and  Wistar  50-day-old  rats  were 
anesthesized  with  sodium  barbital  (60  mg/ 
kg)  and  blood  was  withdrawn  by  heart 
puncture.  The  serum  was  collected  after 
centrifugation  in  the  cold  and  used  for  the 
determination  of  lactate  (5),  pyruvate  (6), 
j3-hydroxybutyrate  (7),  acetoacetate  (7), 
and  glycerol  (8).  The  second  experiment 
utilized  BHE  and  Wistar  rats  approxi- 
mately 75  days  old.  Four  groups  of  rats, 
six  per  group,  from  each  strain  were  anes- 
thesized with  sodium  barbital.  Heparin 
(2000  units)  was  injected  via  the  femoral 
vein,  the  inferior  vena  cava  was  catheter- 
ized  via  the  jugular,  and  the  portal  vein 
was  exposed.  Saline  or  glycerol  (35,  70,  or 
140  /xmole/100  g  body  weight)  was  injected 
at  0  time  into  the  portal  vein.  At  5  min 
prior  to  the  injection  and  at  1 ,  3,  5,  10,  20, 
and  30  min  after  injection,  blood  was  with- 
drawn from  the  catheter  inserted  into  the 
inferior  vena  cava.  The  serum  from  this 
blood  was  collected  after  centrifugation 
and  used  for  the  determination  of  glycerol 
(8).  Immediately  after  the  last  blood  sam- 
ple was  drawn,  the  liver  was  quickly  ex- 
cised and  clamped  between  copper  plates 
precooled  in  liquid  nitrogen.  Perchlorate 
extracts  of  the  frozen  liver  powders  were 
prepared  (9)  and  used  for  the  determina- 
tion of  glycerol  and  a-glycerophosphate 
(10).  Total  lipid  content  of  these  powders 
was  also  determined  (11). 

In  the  third  experiment,  two  groups  of 
50-day-old  BHE  and  Wistar  rats  were 
killed  by  cervical  dislocation,  and  the  liv- 
ers were  excised  and  clamped  between  two 
copper  plates  precooled  in  liquid  nitrogen. 
Less  than  7  sec  elapsed  between  the  start 

*  Purina  Laboratory  Animal  Chow,  Ralston  Pur- 
ina Co. 


of  the  cervical  dislocation  and  the  clamp- 
ing of  the  tissue.  Liver  powders  were  pre- 
pared as  described  above  and  used  for  the 
determination  of  glycerol,  a-glycerophos- 
phate, dihydroxyacetone  phosphate  (9),  3- 
phosphoglycerate  (9),  and  adenine  nucleo- 
tides (9).  Phosphorylation  states  were  cal- 
culated according  to  the  equations  of 
Veeche/fl/.  (12). 

In  the  fourth  experiment,  two  groups  of 
50-day-old  BHE  and  Wistar  rats  (nine  rats 
per  group)  were  killed  by  decapitation  and 
the  livers  excised.  Mitochondria  were  pre- 
pared according  to  the  procedures  of  John- 
son and  Lardy  (13)  and  used  for  the  deter- 
mination of  mitochondrial  a-glycerophos- 
phate dehydrogenase  (EC  1.1.99.5)  (14) 
and  for  the  activity  of  the  a-glycerophos- 
phate shuttle.® 

Results  of  the  different  experiments 
were  summarized  and  strain  differences 
determined  using  Student's  /  test.  Differ- 
ences with  a  probability  of  less  than  0.05 
were  considered  significant. 

Results.  No  significant  differences  in 
serum  lactate  and  pyruvate  were  observed 
(Table  I).  There  was,  however,  a  signifi- 
cant increase  in  j3-hydroxybutyrate  levels 
and  total  ketones  in  BHE  rats  compared 
to  Wistar  rats.  Acetoacetate  levels  were 
significantly  lower  in  the  BHE  rats  than 
in  the  Wistar  rats.  Increases  in  total  ke- 
tones, while  at  this  age  (50  days)  not 
excessive  (still  being  within  the  normal 
range),  suggest  that  utilization  of  these 
metabolites  by  the  peripheral  tissues  is 
not  as  great  in  the  BHE  rat  compared  to 
the  Wistar  rat.  These  differences  suggest 
that  BHE  animals  would  have  developed 
diabetes  at  a  later  age.  In  fact,  their  sib- 
lings who  were  maintained  to  the  age  of 
300  days  were  indeed  diabetic,  with  fasting 
glucose  values  ranging  between  180  and 
240  mg/100  ml.  Normal  fasting  rats  have 
glucose  values  of  80-90  mg/100  ml.  Serum 
glycerol  levels  were  higher  in  the  BHE 
rats  than  in  the  Wistar  rats  and  these 
findings  are  compatible  with  those  re- 
ported by  others  (2). 

«  Tobin,  R.  B.,  Berdanier.  C.  D.,  DeVore,  V.,  and 
Ecklund,  R.  E..  (manuscript  submitted  for  publica- 
tion). 
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differences  in  the  serum  glycerol 
vere  also  observed  in  heparin- 
animals  infused  with  saline  (Table 
jse  baseline  values  were  higher 
>se  reported  in  Table  I,  but  the 
«s  in  glycerol  levels  can  be  ex- 
as  being  due  to  the  effect  of  hepa- 
poprotein  lipase.  When  the  values 

I  were  subtracted  from  the  initial 
[1  Table  II,  it  was  apparent  that 
ere  no  differences  between  the 
1  the  effects  of  heparin  on  lipopro- 
ise.   That   is,   the   strains   did   not 

their  heparin-induced  lipoprotein 
tivity. 

riy,  the  two  strains  did  not  differ 
clearance  of  the  different  doses  of 

The  greater  the  dose  of  glycerol 
*red,  the  longer  the  time  required 
]ycerol  level  in  the  blood  to  return 
nnfusion  level.  At  the  35-  and  70- 
ose  levels,  less  than  30  min  were 

for  the  animals  to  return  to  their 
on  glycerol  level.  At  the  140- 
evel,  however,  it  appeared  that 
n  30  min  would  be  required  before 


E  I. 

Blood  Metabolites  in 
B HE  AND  WiSTAR  Rats. 

N ON FASTED 

lites 
) 

Strain 

BHE 

Wistar 

3.06  ±  0.29« 

0.009  ±  0.005 

M'         0.298  ±  0.037 


ate 


0.019 
0.089 


;  0.002 
0.012 


3.59  ±  0.23 
0.090  ±  0.005 
0.213  ±  0.013* 

0.025  ±  0.002* 
0.050  ±  0.005* 


±  SEM  for  10  rats. 
I  differences  are  significant  (P  <  0.05). 


the  animals  would  return  to  their  preinfu- 
sion  level.  These  observations  suggest  that 
the  high  serum  glycerol  levels  reported  in 
Table  I  were  not  due  to  a  decreased  hepatic 
clearance  of  glycerol  by  BHE  rats.  In  ad- 
dition, the  lack  of  strain  differences  in  the 
clearance  of  glycerol  from  the  blood  indi- 
cates that  in  the  young  rat  (75  days)  the 
liver  cell  can  rapidly  adapt  to  changes  in 
the  concentration  of  this  substrate  and 
metabolize  it  rapidly. 

This  suggestion  is  supported  by  the  lack 
of  strain  difference  in  the  levels  of  glycerol 
in  the  liver  tissue  frozen  immediately  after 
the  last  blood  sample  was  drawn.  Serum 
glycerol  levels  were  higher  in  the  BHE 
rats  infused  with  either  35  or  70  /xmoles  of 
glycerol/ 100  g  body  weight,  but  these  dif- 
ferences were  apparent  even  before  the 
infusion  began,  whereas  the  animals  in- 
fused with  the  highest  glycerol  levels  had 
not  yet  recovered  from  this  treatment. 
When  the  ratios  of  serum  to  liver  glycerol 
levels  were  calculated  (Table  III),  BHE 
rats  had  higher  ratios  than  Wistar  rats 
when  they  were  infused  with  saline  or  70 
or  140  /xmoles  of  glycerol.  At  the  lowest 
glycerol  dose,  however,  there  were  no 
strain  differences  in  this  ratio,  although 
at  this  dose  the  ratios  for  BHE  rats  were 
much  lower  than  for  rats  of  the  other 
treatment  groups.  Ratios  higher  than  1 
indicate  that  more  glycerol  was  found  in 
the  serum  than  in  the  liver  tissue.  Ratios 
less  than  1  indicate  that  the  glycerol  in 
the  serum  had  been  rapidly  transferred 
into  the  liver  cell  and  metabolized.  The 
glycerol  could  have  been  phosphorylated 
to  a-glycerophosphate  via  glycerol  kinase 


LE  II.  Effect  of  Varying  Intravenous  Glycerol  Injections  on  the  Transhepatic  Blood 

Glycerol  Levels 

Minutes  after  glycerol 
-5  13  5  10  20  30 


0.164  ±0.034-  0.095  ±0.032  0.072  ±  0.014  0.112  ±0.014  0.126  ±  0.020 

0094  ±0.030  1.000  ±0.080  0.25  ±  0.048  0.155  ±  0.031  0.158  ±  0.004 

0.202  ±  0.007  3.170  ±0.700  0.369  ±  0.009  0.221  ±  0.006  0.183  ±  0.002 

0  184  ±0.003  7.280  ±2.210  3.547  ±  0.395  1.500  ±0.590  0.721  ±  0.300 

0.244  ±0.008*  0.144  ±0.017  0.133  ±  0.010'  0.159  ±  0. 16*  0.167  ±  0.015' 

0.216  ±0.090'  1.330  ±0.220  0.279  ±  0.050  0.218  ±  0.003'  0.193  ±  0.002' 

0  221  ±0.064'  2.470  ±0.620  0.910  ±  0.265  0.641  ±  0.249  0.293  ±  0.012' 

0  235  ±  0.006'  5.740  ±  1.600  3.230  ±  0.440  1.950  ±  0.310  1.420  ±  0.630 


0.112  ±0.028  0.121  ±  0.022 

0.102  ±  0.005  0.104  ±  0.007 

0.180  ±  0.0(W  0.207  ±  0.003 

0.465  ±  0.143  0.281  ±  0.009 

0.227  ±0.031'  0.230  ±  0.034' 

0.196  ±0.(K)2'  0.180  ±0.044' 

0.237  ±  0.036'  0.428  ±  0.017' 

0.378  ±  0.070  0.293  ±  0.008 


kromoles  per  milliliter  ±  SEM  for  six  rats. 
Iferenoes  are  significant  (P  <  0.05). 
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TABLE  ill.  Serum  Glycerol,  Liver  Glycerol,  and  o-Glycerophosphate  Levels  30  min  aftei 
Injection  of  Varying  Loads  of  Glycerol. 


Dose  of 

glycerol 

(/iinoles/ 

Liver  cr-glycero- 

100 g  body 

Serum  glycerol 

Liver  glycerol 

Serum/liver 

phosphate 
(/tmoles/g) 

o-glycen 

wt) 

(/iinoles/ml) 

(/tmoles/g) 

glycerol 

phate/gl 

Wistar 

0 

0.121  ±0.022° 

0.14  ±  0.04 

0.85  ±  0.05 

0.93  ±  0.28 

6.57  ±  I 

35 

0.104  ±  0.007 

0.21  ±  0.03 

0.48  ±  0.04 

1.24  ±  0.24 

5.90  ±1 

70 

0.207  ±  0.003 

0.51  ±0.31 

0.41  ±  0.01 

1.69  ±  0.85 

3.31  ±i 

140 

0.281  ±  0.009 

0.24  ±  0.06 

1.17  ±0.06 

1.10  ±0.42 

4.58  ±i 

BHE 

0 

0.230  ±  0.034* 

0.22  ±  0.03 

1.05  ±0.01* 

1.10  ±  0.82 

5.00  ±1 

35 

0.180  ±  0.044* 

0.42  ±  0.20 

0.44  ±  0.05 

1.21  ±0.60 

2.88  ±1 

70 

0.428  ±  0.017* 

0.34  ±  0.06 

1.16  ±0.03* 

1.44  ±0.71 

3.88  ±1 

140 

0.293  ±  0.008 

0.25  ±  0.05 

1.27  ±0.02* 

0.97  ±  0.56 

4.24  ±" 

■  Mean  ±  SEM  for  six  rats. 

*  Strain  differences  are  significant  (P  <  0.05). 

or  dehydrogenated  to  form  giyceraldehyde 
through  the  action  of  aldose  reductase. 
Usually,  glycerol  is  phosphorylated  rather 
than  dehydrogenated  since  the  K^  of  glyc- 
erol kinase  for  glycerol  is  lower  than  the 
Kn  of  the  aldose  reductase  for  this  metab- 
olite (15).  Glycerol  kinase  has  been  re- 
ported to  be  more  active  in  BHE  rats  than 
in  Wistar  rats  (2),  but  if  this  were  true 
then  one  would  expect  BHE  rats  to  have 
higher  ratios  of  a-glycerophosphate  to 
glycerol  than  Wistar  rats.  No  strain  differ- 
ences in  the  amount  of  a-glycerophosphate 
were  found,  but  when  ratios  of  this  metab- 
olite to  glycerol  were  calculated  BHE  rats 
had  lower  ratios,  again  suggesting  that 
these  rats  probably  did  not  have  more 
glycerol  kinase  activity  than  Wistar  rats. 
The  lack  of  agreement  between  these  find- 
ings and  those  reported  by  Gardner  and 
Reiser  (2)  may  have  been  due  to  the  fact 
that  an  in  vitro  assay  such  as  that  used  by 
Gardner  and  Reiser  provides  all  the  nec- 
essary substrates  and  cofactors  in  optimal 
amounts,  amounts  which  may  not  be  pres- 
ent in  vivo.  Thus,  an  increase  in  an  in 
vitro  enzyme  activity  may  be  an  artifact 
of  the  measuring  system.  No  strain  differ- 
ences were  observed  in  the  liver  lipid  con- 
tent of  the  tissue  powders.  BHE  livers 
contained  33.9  ±  8.5  mg  of  lipid/g  of  liver 
and  Wistar  livers  contained  35.3  ±  8.5  mg 
of  lipid/g  of  liver.  Treatment  differences 
were  negligible.  These  observations  are  con- 
sistent with  previous  reports  in  that  the  strain 
differences   in    liver   lipid    do   not    appear 


until  the  animal  is  mature  (more  tl 
days  old)  (1,4). 

In  liver  tissue  from  rats  not  subj( 
glycerol  infusion,  heparin,  or  ane 
no  strain  differences  in  hepatic  ( 
a-glycerophosphate,  dihydroxyacetor 
phate,  or  3-phosphoglycerate  w( 
served  (Table  IV).  The  strain  difl 
in  the  ratio  of  a-glycerophosphate 
erol  were  again  observed.  BHE  r 
lower  ratios  than  Wistar  rats,  in 
a  less  active  phosphorylation  of  gly 
a-glycerophosphate.  At  the  sam< 
these  rats  had  higher  phospho 
states  than  Wistar  rats.  The  highe 
phorylation  states  were  due  to  an 
in  ATP  and  decreases  in  ADP  an 
in  BHE  rats  compared  to  Wistar  rats 

While  no  differences  in  the  end 
"-glycerophosphate  shuttle  activiti< 
observed,  significant  strain  differe 
the  activities  of  the  complete  shutt 
observed  (Table  V).  BHE  isolate 
chondria  had  less  shuttle  activity 
state  3  and  state  4  conditions  ( 
without  added  ADP).  While  sign 
greater  cytosolic  a-glycerophosph; 
hydrogenase  activity  has  been  repo 
4)  in  BHE  rats,  the  activity  of  th« 
spending  enzyme  in  the  mitochonc 
significantly  less  in.  this  strain  thar 
Wistar  strain  (Table  VI).  These 
are  compatible  with  the  findings 
creased  mitochondrial  a-glyceroph 
shuttle  activity  in  BHE  rats. 

Discussion.    While    the    results 
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t  Study  did  not  identify  the  source 
"extra"  glycerol  in  the  serum,  they 
monstrate  that  the  BHE  liver,  like 
istar  liver,  was  capable  of  disposing 
e  loads  of  free  glycerol.  The  normal 
2  of  this  metabolite  has  been  re- 
to  be  approximately  11  min  (16). 
udies  confirm  these  findings;  in  the 
d  70-/xmole  groups  the  serum  glyc- 
;vels  returned  to  their  preinfusion 
within   20   min,  with   no  significant 


TABLE  IV.  Liver  Metabolftes  and 

aORYLATION  STATES  IN  NONFASTED  BHE  AND 

WisTAR  Rats. 


Strain  (/Liinoles/g  of  liver) 

BHE 

Wistar 

1 

46.4  ±  3.9« 

45.2  ±9.1 

rophosphate 

214  ±52 

260  ±  22 

rophos- 

4.86  ±  0.28 

7.13  ±  1.27* 

^glycerol 

•xyacetone 

50.1  ±5.3 

47.4  ±  2.8 

hate 

hoglycerate 

476  ±  32 

406  ±  43 

2551  ±  80 

2270  ±  50* 

1136  ±45 

1346  ±  26* 

246  ±  29 

402  ±  19* 

4691  ±412 

4968  ±  465 

ADP) 

838  ±  80 

596  ±  50* 

4*")    cytosol 

ADP) 

3.47  ±  0.53 

2.10  ±  0.25* 

4*)*  mito  X 

an  ±  SEM  of  eight  rats, 
culated  from  the  values  of  the  compartmented 
ites  and  redox  state  of  each  group  (24). 
lin  differences  are  significant  (P  <  0.05). 


changes    in    liver   glycerol    levels    30    min 
after  the  glycerol  load. 

From  the  results  it  is  also  clear  that 
increasing  the  level  of  incoming  glycerol 
to  the  liver  did  not  increase  the  liver  lipid 
content;  findings  which  agree,  in  part, 
with  those  of  Lin  et  al.  (3).  It  has  been 
reported  that  400-day-old  BHE  rats  had 
large  quantities  of  hepatic  glycerol  (17). 
Apparently,  in  the  BHE  rat,  glycerol  ac- 
cumulates in  the  liver  because  the  means 
for  its  disposal  are  not  fully  active.  This 
becomes  apparent  as  the  animal  ages. 
Some  evidence  for  this  less  active  glycerol 
metabolism  is  seen  in  the  strain  differ- 
ences in  the  ratios  of  serum  to  liver  glyc- 
erol and  liver  a-glycerophosphate  to  glyc- 
erol (Tables  III  and  IV).  BHE  rats  had 
lower  ratios  of  these  liver  metabolites  than 
Wistar  animals,  indicating  that  in  these 
rats  the  glycerokinase  reaction  was  rate 
limiting.  In  vitro  the  enzyme  has  been 
shown  to  be  more  active  in  BHE  rats  than 
in  Wistar  rats  (2).  However,  in  vitro  as- 
says do  not  always  replicate  in  vivo  condi- 
tions and  since  the  conversion  of  glycerol 
to  a-glycerophosphate  was  less,  one  must 
assume  that  some  regulatory  factors  are 
active  in  vivo  and  result  in  a  less  active 
enzyme.  It  has  been  reported  that  glycerol 
kinase  activity  is  dependent  on  adequate 
levels  of  ATP  (15,  18).  Inspection  of  the 
data  presented  in  Table  IV  shows  that  the 
BHE  livers  had  greater  quantities  of  ATP 
than   Wistar  livers.   Similarly,  glycerol   ki- 


.BLE  V.  o-Glycerophosphate  Shuttle  Activity  in  Intact  Liver  Mitochondria  from  BHE  and 

Wistar  Rats. 

Micromoles  of  NAt)  produced  per  milligram  of  protein  per  minute 


Endogenous" 


Complete* 


State  4  (- ADP) 


State  3  (+ADP)'" 


State  4  (- ADP) 


State  3  (+ADP) 


1.24  ±0.68  (8)" 
1 .38  ±  0.58  (8) 


0.84  ±  0.36  (8) 
0.09  ±  0.35  (8) 


6.52  ±  0.58(9) 


5.14  ±  0.46(9)* 


12.64  ±  1.50  (9)**  9.96  ±  0.80  (9)'' 


tochondrial  protein,  5  mg,  was  suspended  in  a  medium  containing  75  mM  mannitol,  10  mM  phosphate 

pH  7.4).  75  mM  KCl.  5  n\M  MgCl^.  10  mM  Tris-HCl  (pH  7.4),  5  mM  NADH,  and  water  to  a  volume 

il.  Flasks  were  incubated  for  20  min  at  37°. 

i  complete  system  contained  in  addition  to  the  above,  20  mM  dl- a-glycerophosphate,  5  units  of  a- 

ihosphate  dehydrogenase,  and  30  nmoles  of  rotenone/g  of  protein  to  a  volume  of  3  ml. 

►P.  4  mM,  was  added  where  indicated. 

an  ±  SEM;  number  of  samples  in  parentheses. 

ferences  in  NAD  production  due  to  the  addition  of  ADP  significant  (P  <  0.05). 

rain  differences  in  NAD  production  are  significant  (P  <  0.001). 
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TABLE  VI.  MrrocHONDRiAL  o-Glycerophosphate 
Dehydrogenase  Activity. 

Enzyme  activity 
(/Ltmoles  of  Oj/mg 
of  mitochondrial 
Strain  protein/min) 


BHE 


Wistar 


9.2  ±  1.1" 
12.0  ±  1.1* 


"  Mean  ±  SEM  of  eight  rats  per  group. 

•  Strain  differences  are  significant  (P  <  0.05). 

nase  can  be  inhibited  by  ADP  (15);  again, 
the  data  in  Table  IV  would  suggest  that 
the  enzyme  is  not  so  inhibited.  Some  inhi- 
bition of  the  enzyme  might  be  anticipated 
if  there  were  some  strain  differences  in 
the  distribution  and  exchange  of  adenine 
nucleotides.  This  does  not  appear  likely 
though,  in  view  of  the  fact  that  the  ATP/ 
ADP  •  HPO4  ratios  in  both  the  cytosol  and 
mitochondria  are  greater  in  BHE  rats 
than  in  Wistar  rats.  If  there  were  differ- 
ences in  adenine  nucleotide  exchange, 
then  one  might  anticipate  a  discordance 
in  the  phosphorylation  states  of  the  two 
compartments.  C3ne  cannot  rule  this  out, 
however,  until  measures  of  adenine  nu- 
cleotide translocase  are  made. 

The  liver  cell  actively  transports  glyc- 
erol into  the  cell  (16,  18)  to  the  extent  that 
an  equilibrium  between  the  intracellular 
and  extracellular  compartments  is  seldom 
established.  As  glycerol  is  rapidly  metab- 
olized within  the  cell,  more  extracellular 
glycerol  diffuses  in.  In  Wistar  rats,  glyc- 
erol does  not  accumulate  in  either  the 
serum  or  the  liver  and  therefore  one  must 
assume  that  the  accumulation  seen  in  the 
BHE  rat  is  due  to  some  constraint  in 
glycerol  metabolism  within  the  cell.  Con- 
ceivably this  constraint  could  include  a 
less  active  glycerol  kinase  and/or  a  less 
active  mitochondrial  shuttle  system. 

Houstek  et  al.  (20)  have  suggested  that 
the  a-glycerophosphate  shuttle  serves  a 
regulatory  function  in  the  metabolism  of 
a-glycerophosphate  by  brown  adipose  tis- 
sue. In  liver,  it  may  also  serve  to  regulate 
metabolism  by  suppressing  palmitylcarni- 
tine  conversion  to  palmityl  CoA  (21).  When 
mitochondrial  a-glycerophosphate  dehy- 
drogenase is  low,  the  activity  of  the  shuttle 
is  low  and  /3  oxidation  of  fatty  acids  is  not 


suppressed.  This  has  a  net  effect  of  in- 
creasing the  mitochondrial  NAD'^/NADH 
ratio  as  well  as  increasing  the  ATP/ADP 
ratio  (21-23).  Changes  in  the  oxidation  of 
palmitylcarnitine  can  affect  the  relative 
distribution  of  the  adenine  nucleotides 
within  the  cell  through  an  inhibitory  effect 
of  acyl  CoA  on  ATP  translocase  (23,  24). 
Any  disruption  of  this  transport  process 
would  be  reflected  in  a  lack  of  a  coordina- 
tion between  the  metabolic  processes  of 
the  intra-  and  extramitochondrial  com- 
partments of  the  cell  (23).  While  further 
work  must  be  conducted  in  order  to  firmly 
establish  in  the  BHE  rat  that  such 
changes  in  metabolic  regulation  have  oc- 
curred, the  present  data  can  be  taken  as 
strong  suggestive  evidence  of  such  changes. 
Lower  a-glycerophosphate  shuttle  activity 
has  been  shown  (Table  V),  as  have  lower 
mitochondrial  a-glycerophosphate  dehy- 
drogenase activity  and  higher  phosphoryl- 
ation states  (Tables  VI  and  IV).  All  of 
these  observations  are  compatible  with  the 
previously  reported  decrease  in  energy  uti- 
lization versus  energy  stored  as  fat  (4). 

Summary.  The  metabolism  of  glycerol 
has  been  studied  in  BHE  and  Wistar  rats 
using  measures  of  transhepatic  glycerol 
disposal,  assays  of  glycerol  and  glycerol 
metabolites  in  frozen  clamped  hepatic  tis- 
sue, and  through  the  study  of  mitochon- 
drial a-glycerophosphate  shuttle  activity 
and  a-glycerophosphate  dehydrogenase 
activity.  Strain  differences  in  glycerol  me- 
tabolism were  observed,  with  the  BHE 
rats  having  higher  serum  glycerol  levels, 
lower  presumed  glycerolkinase  activity, 
lower  a-glycerophosphate  shuttle  activity, 
and  lower  mitochondrial  a-glycerophos- 
phate dehydrogenase  activity.  These  find- 
ings were  presumed  to  indicate  a  lack  of 
coordination  between  the  cellular  com- 
partments, explaining  the  previously  re- 
ported enhanced  hepatic  lipogenesis  seen 
in  BHE  rats. 
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Introduction,  A  variety  of  studies  has 
indicated  that  in  neonatal  animals,  homeo- 
static  responses  resulting  in  increased  excre- 
tion of  salt  and  water  do  not  readily  occur. 
Human  infants  (1)  as  well  as  neonates  of 
other  species  do  not  increase  urinary  salt  or 
water  excretion  as  much  as  adults  following 
loading  by  water  or  saline  (2-7).  Young 
rats  are  unable  to  respond  to  blood  volume 
expansion  until  they  are  between  35  and  40 
days  old  (8).  This  age  is  close  to  that  of  33 
days  when  Stopp  et  aL  found  appropriately 
increased  renal  excretion  of  intraperitone- 
ally  administered  saline  (7).  The  absence  of 
an  increase  in  renal  excretion  following  sa- 
line administration  could  reflect  a  change  in 
absorption  of  the  solution,  but  more  re- 
cently, it  has  been  established  that  the  re- 
sponse to  volume  expansion  produced  by 
intravenous  saline  infusion  is  not  as  great  in 
the  neonate  as  it  is  in  the  adult  for  the  rat 
(Misanko,  Bengele,  and  Solomon,  unpub- 
lished) and  dog  (5),  indicating  a  lack  of 
response  by  the  kidney. 

More  recently,  it  has  been  shown  that 
during  postnatal  development  of  the  rat, 
tissue  ionic  contents  change  with  a  critical 
period  (9)  which  also  occurs  at  around  40 
days  (10).  Relatively  little  work  has  been 
done  on  age-dependent  changes  in  electro- 
lyte balance  and  basal  urinary  excretion  of 
electrolytes  during  postnatal  development 
in  the  rat.  To  this  end,  both  clearance  and 
metabolic  studies  have  been  carried  out  to 
examine  changes  in  plasma  sodium  and  po- 
tassium concentration  as  well  as  urinary 
excretion  of  these  ions  during  maturation. 

'  Present  address:  Division  of  Medicine,  Boston 
University  School  of  Medicine,  Boston  City  Hospi- 
tal, 818  Harrison  Ave.,  Boston,  Massachusetts 
02118. 

'  Present  address:  Department  of  Electrical  & 
Electronic  Engineering,  California  State  Univer- 
sity, Sacramento,  6000  J  Street,  Sacramento,  Cali- 
fornia 95819. 


Materials  and  methods.  Animals, 
rats  were  used  exclusively  in  this 
Usually,  pregnant  rats  were  obtaim 
our  commercial  supplier  (Simonsen, 
Calif.)  and  pups  were  born  in  our  ( 
and  then  used  at  specified  ages.  Thre 
of  10  pups  each  were  sent  at  15  day 
after  being  bom  in  California.  All 
were  kept  in  a  temperature-  and  hi 
controlled  room  with  a  photoperiod 
light  and  12-h  dark.  Food  and  ta] 
were  available  ad  libitum.  Pup 
weaned  at  21  days  of  age. 

Clearance  studies.  On  the  day  o 
the  animals  were  anesthetized  ant 
ances  were  carried  out  using  stands 
cedures  for  this  laboratory  (8,  11).  ] 
animals  were  anesthetized  with  inac 
jugular  vein  was  cannulated  for  infi 
Ringers  solution  containing  ['H]ini 
fusion  rates  were  0.5  ml/hr  for 
weighing  less  than  100  g,  and  1  no 
all  other  animals.  The  bladder  was 
lated  for  collection  of  urine  in  plasti 
After  at  least  2  hr  of  equilibration, 
longer  time  when  it  was  required  foi 
zation  of  urine  flow,  we  determine 
consecutive  clearance  studies  of  20- 
ration,  with  blood  samples  being  c 
at  midperiod. 

Urine  volume  was  estimated  as  th< 
of  urine  collected.  Glomerular  filtrat 
(GFR)  was  calculated  as  the  clear 
inulin,  the  plasma  and  urine  radic 
being  measured  by  scintillation  c< 
Statistical  analysis  was  carried  out  u 
paired  /  test.  Some  of  the  data  r 
here  have  been  taken  from  controls 
work  from  this  laboratory.  They  ha 
reanalyzed  to  answer  the  questions 
ered  in  this  paper. 

Metabolic  studies.  Animals  were 
for  study  at  varying  times  after  birth 
days  before  the  studies,  animals  wen 
in  metabolic  cages  and  allowed  to  < 
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le  metabolic  cages  were  modified  to 
a  cup-within-a-cup  of  crushed  rat 
^ia  Brand  Mouse  and  Diet,  S.W. 
Son,  Inc.)  and  a  drinking  cup  of  tap 
protected  against  contamination  by  a 
id  kept  at  constant  level  by  an  exter- 
ter  bottle.  Twenty-four-hour  food 
iption,  loss  from  the  water  bottle, 
ne  output  (V),  collected  under  min- 
,  comprised  the  daily  records  main- 
on  these  rats.  Urinary  and  plasma 
and  potassium  concentrations  were 
ined  by  flame  photometry.  The  ani- 
I  the  metabolic  studies,  as  well  as 
ormally  housed,  were  weighed  daily. 
Its.  Hematological  values.  Age-de- 
t  hematological  changes  during  de- 
ent  of  the  rat  are  shown  in  Fig.  1. 
>st  striking  observation  is  the  change 
atocrit.  This  variable  increases  with 
t  does  not  show  a  "critical  period." 
solute  values  of  hematocrit  of  mature 
»  are  high  as  compared  to  other  lab- 
5S.  It  should  be  remembered,  how- 
liat  our  studies  are  carried  out  at  a 
evation  and  under  semiarid  condi- 
\s  a  result,  our  control  aimals  are 
ly  dehydrated  by  standards  in  other 
ories.  Rather,  it  appears  best  fitted 
perbolic  function.  The  change  cannot 
ited  to  a  generalized  reduction  in 
llular  fluid  since  the  time  course  of 


changes  in  water  content  of  various  tissue  is 
different  than  found  here.  Water  content 
reaches  a  minimum  at  20-25  days  postna- 
tally  (10). 

P^a  also  shows  an  increase.  In  contrast  to 
hematocrit,  the  increase  is  abrupt  and  shows 
a  critical  period  between  40  and  45  days  of 
age  (Fig.  1).  Before  this  time,  average  Pne 
is  between  140  and  143  meq/liter,  while 
after  45  days  it  is  146-147.  Pk  tends  to 
change  in  the  opposite  direction,  but  the 
changes  are  relatively  small  and  continuous 
(Fig.  1).  A  significant  difference  (P  <  0.05) 
exists  between  the  youngest  age  group  (20- 
24  days)  and  the  over-60-day-old  age 
groups.  No  critical  period  is  evident. 

Clearance  studies.  Renal  functional 
changes  are  shown  in  Fig.  2.  Glomerular 
filtration  rate  (GFR)  does  not  show  any 
marked  age  dependence  in  these  studies 
when  normalized  per  kilogram  body 
weight,  although  we  have  previously  ob- 
served a  low  GFR  in  our  youngest  animals 
(8,  11).  Some  differences  do  exist  between 
individual  groups  (35-39  and  45-49  days 
old  being  lower  than  others).  Since  no 
trend  can  be  seen,  it  would  appear  that 
these  differences  are  spurious  and  proba- 
bly result  from  preparative  or  other  exper- 
imental errors.  Marked  changes  are  seen 
in  UNa  V  and  Uk  V,  Unb  V  is  low  until  the  40- 
to  45-day  critical  period  and  then  rises,  while 
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.  Changes  in  plasma  Na  and  K  and  hematocrit  with  development  of  rat  pups.  Numbers  at  bottom  of 
jidicate  the  number  of  rats  in  each  group,  here  and  in  the  following  figures.  Bars  indicate  SEM. 
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the  opposite  is  true  for  V^V.  Because  not 
all  young  groups  show  significant  differ- 
ences from  all  mature  groups,  we  have 
analyzed  the  comparison  of  group  means 
before  40  days  of  age  as  compared  to  after 
45  days  of  age.  The  analysis  is  presented 
in  Table  I  and  indicates  a  highly  signifi- 
cant difference  in  excretion  of  the  two  ions 
before  and  after  the  40-  to  45-day  critical 
period. 

Since  both  plasma  concentrations  and 
urinary  excretions  are  changing  during 
development,  a  better  insight  into  the 
changes  in  renal  function  may  be  obtained 
by  looking  at  fractional  excretions  of  these 
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Fig.  2.  Developmental  pattern  of  changes  in  ex- 
cretion of  Na  and  K.  and  in  V,  as  well  as  changes 
in  GFR.  Bars  show  SEM.  All  data  are  normalized 
per  kilogram  of  body  weight. 


ions.  The  individual  age  group  data  are 
shown  in  Fig.  3,  and  the  group  analysis  is 
presented  also  in  Table  I.  It  is  clear  that  a 
marked  increase  in  FEna  occurs  at  the  40- 
to  45-day  critical  period,  while  a  decrease 
in  FEk  takes  place  at  the  same  time. 

Metabolic  studies.  Food  intake,  sodium, 
and  potassium  excretion  are  shown  in  Ta- 
ble II.  As  animals  get  older,  food  intake 
decreases  when  normalized  for  body 
weight.  Water  intake  shows  a  parallel 
reduction.  Renal  excretion  of  both  sodium 
and  potassium  decreases.  The  decrease, 
however,  does  not  parallel  the  decrease  in 
food  intake.  If  the  data  are  calculated  as 
^saY  per  granri  of  food  ingested,  there  is 
an  increase  of  about  20%  between  the 
youngest  animals  (27-30  days)  and  the 
animals  40  days  of  age  (Table  II).  There- 
after, there  is  a  second  abrupt  rise,  with 
Vsa^V  again  doubling.  A  similar  pattern  is 
shown  in  excretion  of  potassium.  The  in- 
crease, however,  in  UkV  is  less  than  half 
of  the  increase  in  VsaY-  Over  the  age 
range  studied,  UkV  always  exceeds  U^aV. 
If,  however,  we  examine  the  urinary  Na/ 
K  ratio  (Table  II),  we  then  find  that  up 
until  40  days  postnatally  it  is  constant, 
but  then  rises  abruptly  to  a  significantly 
higher  level.  These  changes  in  Na/K  are 
consistent  with  the  changes  in  electrolyte 
excretion  we  observed  in  our  clearance 
studies. 

Discussion,  These  studies  show  that:  (i) 
Both  plasma  sodium  concentration  and 
hematocrit  increase  as  rat  pups  age;  (ii) 
urinary  electrolyte  excretion  during  clear- 
ance studies  also  changes  with  age  so  that 
sodium  excretion  increases  and  potassium 
excretion  decreases  at  the  same  "critical 
period,''  40  days;  (3)  although  absolute 
rates  of  Na  and  K  excretion  in  metabolic 
studies  are  not  like  those  in  the  clearance 
ratios,   changes   in    Na/K   excretion    ratios 


TABLE  I. 

Comparison  of  Urinary 

Excretion  of  Sodium 

AND  Potassium  in 

Infant 

AND  Mature  Rats. 

Vs.V' 

FE,,* 

UkV" 

FEk* 

Infants 
Mature 
t 
P 

2.876  ±0.398 

7.020  ±0.354 

7.73 

<0.001 

0.249  ±  0.048 

0.655  ±  0.07 

5.13 

<0.005 

11.130  ±  0.637 

7.515  ±  0.296 

5.14 

<0.005 

22.2  ±  1.07 

17.0  ±  0.47 

4.35 

<0.005 

"  Vfi^y  and  UkV  are  expressed  as  milliequivalents  per  minute  per  kilogram  body  weight. 
**  FE^a  and  FEk  are  expressed  as  percentage  of  filtered  load. 
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ire  consistent  with  the  results  obtained  in 
learance  studies. 

Although  considerable  work  has  been 
k)ne  on  age-dependent  changes  in  compo- 
ition  of  body  fluids  postnatally,  we  are 
ble  to  find  but  one  report  on  develop- 
lental  changes  in  plasma  electrolytes  in 
ie  rat.  Yunibhand  and  Held  found  a  P^a 
f  142.8  meq/kg  of  HjO  in  1-day-old  ani- 
lals  after  24  hr  of  water  deprivation  (12). 
'jia  then  fell  to  136  meq/kg  of  HjO  at  15 
ays,  which  was  in  turn  succeeded  by  a 
ise  which  reached  mature  levels  at  40 
ays.  Comparable  postnatal  increases  in 
Ka  have  been  described  for  the  mouse 
13)  over  the  first  40  days  of  life.  In  the 
og  (14),  there  is  a  suggestion  of  a  change 
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Fig.  3.  Changes    in    fractional    excretion    of   Na 
id  K  as  rat  pups  grow  older.  Bars  show  SEM. 


in  P^a  during  the  first  postnatal  week, 
while  in  man  no  postnatal  age-dependent 
changes  in  P^a  are  evident  (15).  A  marked 
change  in  P^a  i^  found  only  in  rodents, 
suggesting  a  species  dependence.  There 
are  fewer  differences  between  laboratories 
in  reports  about  postnatal  changes  in  Pk- 
In  man  (15),  dog  (14),  and  rat  (12),  there 
is  a  decrease  in  Pk  after  birth,  although 
the  time  courses  are  different.  In  the  dog, 
the  change  occurs  during  the  first  postna- 
tal week,  while  in  the  rat  it  has  been 
reported  to  continue  until  animals  are  20 
days  of  age  (12).  This  latter  finding  is 
inconsistent  with  the  data  reported  here, 
in  that  our  youngest  animals  (20-25  days 
old)  had  the  highest  Pk  and  the  trend  was 
for  a  continuous  decrease  over  the  full  age 
range  for  study.  In  the  mouse,  the  postna- 
tal change  in  Pk  is  equivocal  (16). 

Kersten  and  Braiinlich  also  found  that 
sodium  excretion  increases  with  age  or,  as 
shown  here  (Fig.  2),  in  parallel  with  the 
change  in  control  PNa.  In  contrast  to  their 
studies,  the  excretion  of  K  is  reduced  dur- 
ing development.  In  the  study  of  Kersten 
and  Braiinlich  (17),  they  found  a  minimum 
in  K  excretion  at  15  days,  with  increasing 
rates  of  excretion  as  animals  aged.  The 
trend  was  not  continuous,  however,  since 
5-day-old  rats  had  a  high  excretory  rate. 
The  results  of  these  studies  are  in  distinct 
contrast  to  ours.  Since  this  study  group 
also  used  Wistar  rats,  it  is  unlikely  that 
this  contradiction  is  a  result  of  differences 
in  rat  strains.  Our  own  metabolic  results 
show  changes  in  electrolyte  excretion 
which  are  consistent  with  the  excretion 
data  obtained  during  clearance  studies,  so 
that  one  cannot  account  for  the  discrep- 
ancy on  the  basis  that  Kersten  and  Braiin- 
lich carried  out  their  studies  in  metabolic 
cages. 


TABLE  II.  Food  Intake  and  Electrolyte  Excretion  of  Control  Rats  During  Growth. 


Food  intake 

Water  intake 

Vs^y  (meq/day/ 

UkV^  (meq/day/ 

\ge  (days) 

N 

(g/day/kg) 

(ml/day/kg) 

kg) 

kg) 

Na/K 

<30 

22 

16.1  ±  0.28 

31.2  ±  1.3 

18.91  ±  1.03 

24.48  ±  0.82 

0.773  ±  0.030 

31-35 

26 

14.1  ±  0.42 

24.6  ±  0.97 

18.42  ±  0.43 

23.78  ±  0.49 

0.776  ±  0.013 

36-40 

24 

12.1  ±  0.18 

21.8  ±  1.15 

15.67  ±0.35 

20.12  ±0.45 

0.781  ±0.012 

41-45 

26 

11.0  ±  0.17 

18.5  ±0.40 

15.30  ±  0.45 

18.24  ±  0.43 

0.840  ±  0.016 

46-50 

20 

9.7  ±  0.19 

17.3  ±0.87 

14.24  ±0.31 

16.92  ±  0.38 

0.844  ±  0.016 

51-55 

10 

9.2  ±0.16 

14.1  ±0.36 

14.15  ±  0.42 

16.67  ±  0.56 

0.850  ±  0.014 
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Other  possibilities  which  could  play  a 
role  are  differences  in  route  of  fluid  admin- 
istration, strain,  and  food  availability  (18). 
Unless  animals  are  grown  under  identical 
conditions,  and  are  of  the  same  strain  and 
on  the  same  diet,  such  differences  as  have 
been  found  may  occur. 

The  question  arises  as  to  biological  sig- 
nificance of  the  changes  in  electrolyte  bal- 
ance. If  one  examines  the  growth  curves 
of  rats  in  our  laboratory,  we  get  curves 
which  are  similar  to  those  previously  de- 
scribed by  Widdowson  and  McCance  (19). 
A  striking  feature  of  these  curves  is  that 
there  are  two  inflection  points  in  the 
curve:  one  at  about  weaning,  when  there 
is  an  acceleration  of  absolute  growth,  and 
the  other  at  about  40  days,  when  absolute 
growth  rate  reduces.  Figure  4  shows  the 
absolute  growth  rates  for  animals  in  our 
laboratory.  Since  food  intake  shows  a  con- 
tinuous decline  with  age  in  our  metabolic 
studies,  one  can  hypothesize  that  one  con- 
tributing factor  is  the  need  for  sodium  reten- 
tion to  accommodate  the  period  of  rapid 
absolute  growth. 
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AGE.  DAYS 
Fig.  4.  Daily  growth  rates  of  rats  as  a  function 
of  age.  Solid  points  show  males;  females  are  indi- 
cated by  circled  points. 


Another  factor  which  may  be  of  signifi- 
cance is  that  tissue  K  relative  to  Na  in- 
creases to  40  days  of  age,  suggesting  a 
maturation  of  the  regulation  of  cellular  to 
extracellular  ionic  ratios  as  has  been  found 
for  muscle  and  brain  (10,  20).  Intracellular 
K  increases  in  these  tissues  during  this  time 
period.  No  comparable  studies  are  known 
for  the  kidney.  Relatively  more  ingested  K 
may  be  retained  intracellularly  in  the  ma- 
ture to  account  for  the  decrease  in  K  excre- 
tion. 

One  consequence  of  the  relatively  low 
plasma  and  Uns^  is  that  the  low  plasma  K 
may  signal  the  kidney  to  conserve  sodium. 
Such  a  signal  may  override  the  renal  re- 
sponses to  blood  volume  expansion  or  saline 
loading  and  thereby  be  partially  responsible 
for  the  inability  of  immature  rats  to  respond 
appropriately  to  these  stimuli  (4,  8). 

Summary.  Rats  show  a  critical  period  in 
electrolyte  balance  at  around  40  days  of 
^gc-  Pnb  ^nd  Unb^  increase  abruptly  and 
Uk  V  falls  at  this  time.  Pk  shows  a  continuous 
decrease  over  the  age  ranges  studied.  He- 
matocrit shows  a  hyperbolic  increase.  In 
metabolic  studies,  urinary  Na/K  shows  a 
significant  increase  at  the  same  critical  pe- 
riod. 

This  work  was  supported  by  National  Science  Foun- 
dation Grant  No.  BMS-72-02344-A02  and  National 
Institutes  of  Health  Training  Grant  No.  HE-5633. 
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Chronic  administration  of  combinations 
of  the  estrogenic  agent,  ethynyl  estradiol, 
and  the  progestational  agent,  norethyno- 
drel,  to  intact  female  rats  reduced  their  re- 
sponsiveness to  the  )3-adrenergic  agonist, 
isoproterenol.  In  these  studies  responsive- 
ness was  assessed  by  measurement  of  the 
increase  in  heart  rate  and  water  intake  fol- 
lowing acute  administration  of  isoproterenol 
(1,  2).  An  additional  test  that  has  also  been 
used  to  assess  )3-adrenergic  responsiveness 
is  the  increase  in  tail  skin  temperature  fol- 
lowing acute  administration  of  isoproterenol 
(3). 

The  objective  of  the  present  experiment 
was  to  use  this  test  to  study  the  responsive- 
ness of  tail  skin  temperature  to  acute  admin- 
istration of  graded  doses  of  isoproterenol  to 
ovariectomized  rats  treated  chronically  with 
several  different  doses  of  ethynyl  estradiol. 

Methods.  Twenty-four  female  rats  of  the 
Blue-Spruce  Farms  (Sprague-Dawley)  strain 
weighing  210  to  260  g  were  used.  They 
were  kept  in  hanging,  galvanized  mesh-wire 
cages  in  an  animal  room  maintained  at  24 
±  1°  and  illuminated  from  0600  to  1800 
hr.  All  rats  were  ovariectomized  while  anes- 
thetized with  sodium  pentobarbital  (40  mg/ 
kg  body  weight)  to  avoid  any  contribution 
of  endogenously  produced  ovarian  hor- 
mones to  the  observed  results.  One  week 
after  ovariectomy,  a  Silastic  tube  containing 
crystalline  ethynyl  estradiol  was  implanted 
subcutaneously  between  the  shoulder 
blades.  Although  it  was  originally  intended 
that  there  should  be  three  different  doses 
of  ethynyl  estradiol,  the  first  12  rats  were 

'  Supported  by  Grant  HL- 14526-06  from  the  Na- 
tional Heart,  Lung  and  Blood  Institute.  Research 
reported  here  was  conducted  in  facilities  accredited  by 
the  American  Association  for  Accreditation  of  Labo- 
ratory Animal  Care. 

*  Present  address:  Department  of  Physiology,  Uni- 
versity of  California  School  of  Medicine,  San  Fran- 
cisco, California  94143. 


implanted  in  error  with  the  same  Silastic 
tubing  (No.  602-281,  0.0315-in.  wall  thick- 
ness, 10  mm  long).  A  second  group  of  six 
rats  was  also  implanted  with  Silastic  tubing 
(No.  602-231,  0.0095-in.  wall  thickness, 
10  mm  long).  The  remaining  six  rats  were 
implanted  with  Silastic  tubing  (602-231) 
which  contained  no  steroid,  and  served  as 
the  control  group.  Prior  to  implantation, 
the  sealed  tubes  were  placed  in  a  vacuum 
desiccator  for  48  to  72  hr  and  weighed  on 
an  analytical  balance.  The  tube  in  each  rat 
was  palpated  at  weekly  intervals  to  be  cer- 
tain it  was  still  in  place. 

Dimethylpolysiloxane  (Silastic)  tubing 
has  been  shown  to  allow  diffusion  of  certain 
crystalline  steroids  into  various  media  at  a 
constant  rate  over  relatively  long  periods  of 
time  (4,  5).  Previous  experience  in  this 
laboratory  has  indicated  that  this  method  of 
steroid  administration  provides  a  reliable 
means  of  achieving  reasonably  constant 
drug  release  for  periods  of  up  to  6  months. 

During  the  fifth  and  sixth  weeks  after 
implantation  of  the  Silastic  tubes,  each  rat 
was  lightly  restrained  in  a  Lucite,  tunnel- 
type  cage  large  enough  to  hold  it  comforta- 
bly while  preventing  it  from  turning  from 
head  to  tail.  The  cages  were  provided  with 
access  ports  through  which  the  rat  could  be 
injected  during  the  experiment  without  re- 
moving it  from  the  cage.  A  copper-constan- 
tan  thermocouple  was  inserted  5  cm  into 
the  colon  and  held  in  place  by  a  piece  of 
adhesive  tape  which  bound  it  to  the  tail. 
The  temperature  of  the  dorsal  surface  of 
the  skin  of  the  tail;  approximately  2  cm 
from  its  base,  was  measured  by  a  second 
copper-constantan  thermocouple.  This 
thermocouple  was  held  in  place  by  weaving 
it  into  a  single  layer  of  gauze  sponge  3  cm 
long.  The  two  ends  of  the  sponge  were 
bound  to  the  tail  with  adhesive  tape.  The 
thermocouples  were  led  off  to  a  recording 
potentiometer  which  recorded  the  skin  and 
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colonic  temperatures  of  each  rat  at  1-min 
intervals.  After  30  min  of  restraint  in  a 
room  maintained  at  24  ±  T,  each  rat  was 
injected  sc  with  either  50,  100,  or  200  /Ltg 
of  /-isoproterenol  (Isuprel  hydrochloride, 
Winthrop  Laboratories,  New  York)/kg  ixxiy 
weight.  Measurements  of  colonic  and  tail 
skin  temperatures  continued  for  an  addi- 
tional 2  hr,  after  which  the  rats  were  re- 
turned to  their  stock  cages.  Three  to  five 
days  were  allowed  between  studies. 

Statistical  analyses  of  the  data  were  made 
by  means  of  an  analysis  of  variance  (6). 
Significance  was  set  at  the  95%  confidence 
limit. 

At  the  end  of  the  experiment,  the  tubes 
containing  ethynyl  estradiol  were  removed 
from  their  subcutaneous  sites  and  dried  for 
48  hr  in  a  vacuum  desiccator.  The  tubes 
were  then  weighed  on  an  analytical  balance 
and  daily  drug  dose  was  calculated  from  the 
weight  loss  of  the  tube  and  the  mean  body 
weight  of  the  rat  during  the  period  of  drug 
administration.  The  tubes  that  were  re- 
moved never  contained  fluid  inside  them. 

Results.  When  the  control  rats  were  ad- 
ministered 50  /Ltg  of  isoproterenol/kg  sc, 
tail  skin  temperature  increased  from  25  to 
31.6**  within  30  min  (Fig.  lA).  An  increase 
in  tail  skin  temperature  was  detectable 
within  10  min  after  drug  administration. 
Tail  skin  temperature  returned  to  control 
level  within  100  min  after  administration  of 
isoproterenol.  No  change  in  tail  skin  tem- 
perature was  seen  in  either  of  the  ethynyl 
estradiol-treated  groups  in  response  to  this 
dose  of  isoproterenol.  Initial  colonic  tem- 
peratures of  both  groups  treated  with 
ethynyl  estradiol  were  significantly  (P  <  0.05) 
less  than  the  temperature  of  the  control  group 
prior  to  administration  of  isoproterenol.  Co- 
lonic temperatures  of  all  three  groups  fell 
during  the  course  of  the  experiment  (Fig. 
IB).  However,  the  colonic  temperatures  of 
both  ethynyl  estradiol-treated  groups  re- 
mained significantly  lower  (P  <  0.05)  than 
the  temperatures  of  the  control  group  fol- 
lowing administration  of  isoproterenol. 

Administration  of  100  fxg  of  isoprotere- 
nol/kg sc  was  accompanied  by  an  increase 
in  tail  skin  temperature  from  24.8  to  32.0° 
within  30  min  (Fig.  2A).  The  time  course 
of  change  in  tail  skin  temperature  for  the 
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Fig.  1 .  (A)  Mean  tail  skin  temperatures  of  control 
and  ethynyl  estradiol-treated  groups  prior  to,  and 
following,  administration  of  50  fig  of  /-isoproterenol/ 
kg  body  weight,  sc,  at  time  0.  Designation  of  each 
group  is  shown  in  the  figure.  One  standard  error  is  set 
off  at  the  means.  (B)  Mean  colonic  temperatures  of 
the  same  three  groups  during  the  same  experiment  arc 
shown . 

control  group  was*  very  similar  to  that  de- 
scribed above  for  the  lower  dose  of  isopro- 
terenol, although  tail  skin  temperature  re- 
turned to  control  level  only  after  120  min 
following  drug  administration.  In  the  case  of 
the  ethynyl  estradiol-treated  groups,  the 
higher  dose  of  isoproterenol  used  in  this 
study  increased  tail  skin  temperature  2.8° 
in  the  group  receiving  the  lower  dose  of  the 
estrogenic  agent  and  1.1°  in  the  group  re- 
ceiving the  higher  dose  (Fig.  2A).  Colonic 
temperatures  of  the  three  groups  decreased 
during  the  course  of  the  experiment  (Fig. 
2B).  The  initial  colonic  temperatures  of  the 
group  receiving  the  lower  dose  of  ethynyl 
estradiol  were  significantly  lower  than  those 
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Fig.  2.  (A)  Mean  tail  skin  temperatures  of  control 
and  ethynyl  estradiol-treated  groups  prior  to,  and 
following,  administration  of  100  fig  of /-isoproterenol/ 
kg  body  weight,  sc,  at  time  0.  Designation  of  each 
group  is  shown  in  the  figure.  One  standard  error  is  set 
off  at  the  means.  (B)  Mean  colonic  temperatures  of 
the  same  three  groups  during  the  same  experiment  are 
shown . 

of  the  control  group.  All  three  treated 
groups  showed  changes  in  colonic  tempera- 
ture that  approximated  the  time  course  of 
changes  in  tail  skin  temperature. 

Administration  of  200  /Ltg  of  isoprotere- 
nol/kg  to  control  rats  was  accompanied  by 
an  elevation  of  tail  skin  temperature  from 
24  to  32°  (Fig.  3A).  The  maximal  tempera- 
ture was  not  different  from  that  observed 
after  administration  of  the  two  lower  doses 
but  was  maintained  for  a  longer  period. 
Administration  of  this  dose  of  isoproterenol 
to  the  ethynyl  estradiol-treated  groups  re- 
sulted in  an  increase  in  tail  skin  temperature 
that  was  much  attenuated  compared  to  that 
of  the  control  group  (Fig.  3A).  The  group 


receiving  the  lower  dose  of  ethynyl  estra- 
diol had  an  increase  in  tail  skm  temperature 
of  3.0°,  while  the  group  receiving  the  higher 
dose  had  an  increase  of  2.0°.  Colonic  tem- 
peratures of  all  three  groups  decreased  dur- 
ing the  course  of  the  experiment  (Fig.  3B). 
Both  treated  groups  had  lower  colonic  tem- 
peratures than  controls  during  the  control 
period.  The  lower  colonic  temperatures 
were  maintained  throughout  the  experi- 
ment. 

The  area  under  the  curve  of  tail  skin 
temperature  versus  time  was  determined  by 
integration  for  each  rat.  The  baseline  value 
about  which  the  integration  was  computed 
was  the  tail  skin  temperature  at  time  0. 
Any  temperatures  below  this  value  were 
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Fig.  3.  (A)  Mean  tail  skin  temperatures  of  control 
and  ethynyl  estradiol-treated  groups  prior  to,  and 
following,  administration  of  200  /ig  of  /-isoproterenol/ 
kg  body  weight,  sc,  at  time  0.  Designation  of  each 
group  is  shown  in  the  figure.  One  standard  error  is  set 
off  at  the  means.  (B)  Mean  colonic  temperatures  of 
the  same  three  groups  during  the  same  experiment  are 
shown. 
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dered  negative,  while  those  above 
considered  positive.  The  algebraic  sum 
e  integration  over  time  is  defined  as 
ntegrated  tail  skin  temperature.  The 
I  integrated  tail  skin  temperature  of 
ontrol  group  increased  with  increasing 
i  of  isoproterenol  (Fig.  4).  The  inte- 
d  tail  skin  temperatures  of  the  two 
sd  groups  at  each  dose  of  isoproterenol 
1  to  differ  from  one  another,  but  each 
significantly  less  (P  <  0.01)  than  that 
5  control  group.  Apparently  the  atten- 
n  of  responsiveness  to  administration 
>proterenol  was  near  its  maximal  level 
e  group  receiving  the  lower  dose  of 
lyl  estradiol. 

the  end  of  the  17th  week  of  the 
iment,  each  rat  was  anesthetized  with 

and  the  tube  containing  the  drug  was 
ved  from  its  subcutaneous  site.  After 
ing,  drying,  and  weighing  each  tube  as 
ibed  above,  the  group  receiving  the 
sr-walled  tube  had  a  mean  weight  loss 
J  ±  0.7  /Ltg/day,  while  the  mean  weight 
rf  the  thinner-walled  tube  group  was 
±0.5  /Lig/day.  When  calculated  on  the 
of  mean  body  weight  during  the  exper- 
t,  weight  losses  of  30  and  72  /Ltg  of 
lyl  estradiol/kg/day  occurred  from  the 

jcussion.  The  tail  of  the  rat,  like  the 
of  the  rabbit,  appears  to  act  as  a 
lal  radiator.  When  the  body  of  the  rat 
eatened  with  overheating,  tail  blood 
tail  skin  temperature,  and  he;^t  loss 
ase  in  an  effort  to  dissipate  the  excess 
(7).  Acute  administration  of  the  )3- 


■  CONTROL 

H  ETMYNVL  ESTRADIOL 

QCTMYWYL  ESTRADIOL 
Tt9    u«  /ka   /^avl 


•  (72  ^/h«  /d«»J 


O  ■l- 


lili 


^olafiAALUL     lOO ->/>■■*       200i«a/tolW 
OOSC  or  iSORROTfRCMOL 

.  4.  The  mean  integrated  tail  skin  temperatures 
under  the  curves  in  Figs.  1-3)  for  control  and 
1  estradiol-treated  groups  following  administra- 
'  50,  100,  and  200  /ig/kg  of /-isoproterenol  are 
.  The  groups  are  designated  in  the  figure.  One 
rd  error  is  set  off  at  the  means. 


adrenergic  agonist,  isoproterenol,  produced 
a  striking  elevation  in  tail  skin  temperature 
of  rats  (Figs.  1-3)  (8,  9).  Whether  this 
response  is  due  to  a  direct  action  of  the  j8- 
adrenergic  agonist  on  tail  vasculature  or 
indirect  via  effects  on  metabolism  is  not  as 
yet  clear.  It  is  clear,  however,  that  this 
response  is  not  produced  by  administration 
of  isotonic  saline  (9).  Furthermore,  the  re- 
sponse to  isoproterenol  can  be  blocked  by 
the  /3-adrenergic  antagonist,  propranolol 
(9),  and  attenuated  by  chronic  treatment 
with  ethynyl  estradiol  (Fig.  4).  Other  stud- 
ies have  shown  that  tail  skin  temperature  is 
not  affected  by  the  a-adrenergic  agonist, 
phenylephrine  (9).  The  time  course  for  de- 
velopment of  the  attenuation  was  not  stud- 
ied here  but  was  studied  earlier  in  rats  re- 
ceiving combinations  of  ethynyl  estradiol 
and  norethynodrel  (3).  Reduced  /3-adrener- 
gic  responsiveness  appeared  from  3  to  5 
weeks  after  initiation  of  steroid  treatment 
and  was  present  in  all  treated  groups  at  S 
weeks  (3).  However,  the  earlier  results  may 
not  be  applicable  here  because  of  differences 
in  experimental  protocol.  Earlier  studies 
used  different  combinations  of  norethynodrel 
and  ethynyl  estradiol  and  the  rats  were  not 
ovariectomized. 

In  all  three  studies  described  here,  the 
control  rats  had  initial  colonic  temperatures 
that  were  greater  than  those  of  the  treated 
groups.  The  reduced  colonic  temperature 
of  the  treated  rats  suggests  that  the  ability 
either  to  produce  heat  or  to  conserve  it,  or 
both,  was  affected  by  chronic  treatment 
with  ethynyl  estradiol.  The  lower  colonic 
temperatures  of  the  treated  groups  may  re- 
flect a  reduction  in  the  contribution  of  the 
^-adrenergic  system  to  maintenance  of  met- 
abolic rate  (heat  production)  under  normal 
conditions.  The  ability  of  estrogen-treated 
rats  both  to  produce  and  to  conserve  heat  is 
currently  under  study  in  this  laboratory. 

The  results  of  the  present  study  do  not 
provide  clues  regarding  the  mechanisms  by 
which  chronic  administration  of  ethynyl  es- 
tradiol attenuates  the  response  to  acute  ad- 
ministration of  isoproterenol.  Whether  one 
of  these  factors  is  a  reduced  responsiveness 
of  the  )3-adrenergic  receptor,  or  a  site  be- 
yond, is  also  not  clear  at  present  and  will 
require  additional  studies. 
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Summary.  Chronic  treatment  of  ovariec- 
toraized  female  rats  with  ethynyl  estradiol 
(30  and  72  /Ltg/kg/day)  attenuated  the  in- 
crease in  tail  skin  temperature  characteristi- 
cally accompanying  sc  administration  of  I- 
isoproterenol  (50,  100,  or  200  /Ltg/kg).  The 
mechanism  by  which  the  attenuation  occurs 
awaits  additional  studies. 
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ztion.  The  exocrine  pancreas  is 
ito  acinar  cells  which  synthesize 
te  digestive  enzymes  and  ductal 
h  secrete  water  and  electrolytes, 
/ledge  of  acinar  cell  function  has 

tremendously  during  the  past  10 
ause  techniques  are  available  for 
udies  of  acinar  cells  as  a  part  of 
I  pancreas,  as  slices,  as  isolated 
s  isolated  cells,  or  as  subcellular 

On  the  other  hand,  our  knowl- 
luctal  cell  function  has  remained 

static.  Possible  impediments  to 
:ion  of  knowledge  concerning  duc- 
inction  are:  (i)  the  complexities 
n  the  isolation  of  ductal  cells  from 
ng  connective  and  acinar  tissue; 
nail  number  of  ductal  cells  com- 
acinar  cells;  and  (iii)  the  efforts 
to  obtain  sufficient  amounts  of 
iue  for  study.  Thus,  it  is  not  sur- 
at  most  of  our  information  con- 
ictal  cell  function  has  been  derived 
biologic  studies  of  water  and  elec- 
:retion  utilizing  the  intact  organ  in 

perfused  organ  in  vitro. 
cells  have  been  well  characterized 
gically  and  histochemically  (1-8). 
1  et  al.  have  shown  that  the  epithe- 
;  of  intermediate  and  large  size 
ated  by  dissection  was  rich  in  a 
f  enzymes  (9).  However,  extensive 

or  biochemical  characterization 
cells  has  not  been  accomplished. 
,  there  is  no  information  to  indi- 
is  of  fasting,  feeding,  or  gastroin- 
)rmones  on  ductal  cell  function  in 
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This  paper  reports  studies  on  intact  pan- 
creatic ducts  isolated  by  quick  dissection 
and  incubated  under  appropriate  in  vitro 
conditions.  Fasting  for  72  hr  was  associated 
with  decreases  in  [*^C]glucose  oxidation  to 
*'*C02  and  alkaline  phosphatase  activity. 
There  were  no  changes  in  the  following: 
protein,  RNA,  or  DNA  content;  *'*C-labeled 
amino  acid  incorporation  into  protein; 
[*^C]glucose  or  [^'^Clglucosamine  incorpora- 
tion into  glycoproteins;  Mg^"^-ATPase, 
HCOa'-ATPase,  5 '-nucleotidase,  or  leucine 
aminopeptidase  activities. 

Methods .  Male  Sprague-Dawley  rats  (ini- 
tial weights  300-350  g)  housed  in  tempera- 
ture-controlled quarters  were  used  for  all 
studies.  Animals  referred  to  as  "fasted" 
were  denied  food  for  72  hr;  rats  referred  to 
as  "fed"  had  free  access  to  Purina  Rat 
Chow  (Ralston  Purina  Co.,  St.  Louis,  Mo.). 
All  rats  were  allowed  free  access  to  tap 
water. 

The  following  materials  were  used:  d-[U- 
"C]glucosamine  hydrochloride  (237.7  mCi/ 
mmole),  D-[l-'^C]glucose  (8.72  mCi/ 
mmole),  and  L-fU-^'^Cl-labeled  amino  acid 
mixture  (New  England  Nuclear  Corp.,  Bos- 
ton, Mass.);  materials  for  incubation  media, 
NCTC-109,  nonessential  amino  acids  (Mi- 
crobiological Associates,  Inc.,  Bethesda, 
Md.);  calf  thymus  DNA  and  o-ribose  (Nu- 
tritional Biochemical  Corp.,  Cleveland, 
Ohio);  orcinol  (Fisher  Scientific  Co.,  Pitts- 
burg, Pa.);  diphenylamine  (Eastman  Or- 
ganic Chemicals  Division,  Eastman  Kodak 
Co.,  Rochester,  N.Y.);  bovine  serum  albu- 
min (Sigma  Chemical  Co.,  St.  Louis,  Mo.); 
hydroxide  of  hyamine  10-X,  1  M  solution 
in  methanol  (Packard  Instrument  Co.  Inc., 
Downers  Grove,  HI.).  Reagent  kits  for  al- 
kaline phosphatase  (Cat.  No.  15990)  and 
leucine  aminopeptidase  (Cat.  No.  15952) 
were  obtained  from  Boehringer  Mannheim 
Corp.,  New  York. 

Treatment  of  tissue.  Rats  were  killed  by 
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cervical  dislocation.  The  pancreatic  duct 
was  located,  and  acinar  tissue  was  trimmed 
away  with  sharp  microsurgical  scissors.  Ap- 
proximately 4  cm  of  duodenum  were  left 
attached  to  the  duct  to  facilitate  handhng; 
however,  after  acinar  tissue  was  removed, 
the  pancreatic  duct  was  transected  and  the 
duodenum  discarded.  The  pancreatic  duct 
was  placed  on  filter  paper  and  kept  moist 
with  cold  saline.  Residual  acinar  tissue  was 
removed  by  dissection  and  scraping  with 
the  blunt  side  of  scissors.  The  duct  was 
then  cut  longitudinally  for  maximal  expo- 
sure to  the  incubation  medium.  The  isola- 
tion procedure  required  20  min  for  12  ducts 
which  were  pooled,  weighed,  and  placed  in 
a  flask  containing  freshly  oxygenated  tissue 
culture  medium. 

Studies  of  total  protein,  RNA,  and  DNA. 
Pooled  ducts  were  weighed  and  homoge- 
nized in  a  ground-glass  homogenizer  using 
cold  perchloric  acid  (PC A).  The  homoge- 
nate  was  centrifuged  and  the  pellet  washed 
twice  with  cold  PC  A.  Methods  used  for 
separation  of  RNA,  DNA,  and  protein  were 
modifications  of  methods  developed  by 
Schmidt  and  Thannhauser  (10)  and  Schnei- 
der (11).  RNA  was  determined  by  the  orci- 
nol  method  using  ribose  as  the  standard 
(12,  13).  DNA  was  determined  by  the  di- 
phenylamine  method  using  calf  thymus 
DNA  as  a  standard  (12,  13).  Protein  was 
determined  by  the  method  of  Lowry  et  al. 
using  bovine  serum  albumin  as  the  standard 
(14). 

Studies  of  ^^C-labeled  mixed  amino  acid 
incorporation  into  protein.  The  pooled  ducts 
were  incubated  for  30  min  in  a  25-ml  Erlen- 
meyer  flask  containing  1  ml  of  incubation 
medium  with  0.2  /LtCi  of  *^C-labeled  mixed 
amino  acids.  Methods  used  for  in  vitro  in- 
cubation and  determination  of  radioactive 
incorporation  have  been  described  (15,  16). 
Radioactivity  was  measured  in  a  Packard 
liquid  scintillation  counter  using  a  phosphor 
developed  by  Patterson  and  Greene  (17). 

Studies  of  l^^C]glucose  oxidation.  Pooled 
ducts  were  incubated  in  a  25-ml  Erlenmeyer 
flask  modified  to  contain  a  center  well. 
Each  flask  contained  6.94  /Ltmoles  (294,000 
cpm)  of  [*^C]glucose  and  1  ml  of  incubation 
medium.  Incubations  were  performed  for 
60  min  at  37°  in  a  shaking  water  bath. 


These  methods  were  described  pre 
(18). 

Studies  of  [^^CJglucose  and  [ 
cosamine  incorporation  into  protein. 
ducts  were  incubated  in  a  25-ml  Eric 
flask  containing  1  ml  of  incubation 
with  0.05  /LtCi  of  ["^CJglucose  or  1 
[>^C]glucosamine  for  60  and  30  min 
tively.  Glycoproteins  were  precipita 
PCA  and  dissolved  in  KOH,  and  n 
ments  were  performed  as  describ 
19). 

Studies  of  ductal  enzymes.  Pooh 
were  homogenized  with  a  ground-j 
mogenizer  in  2  ml  of  cold  buffer  co 
0.25  M  sucrose  and  10  xnM  trie 
mine-HCl,  pH  7.4.  An  aliquot  of 
mogenate  was  taken  for  measure 
DNA  and  protein.  Mg'^^-ATPase 
sayed  by  the  method  used  by  Sim 
and  Wizemann  et  al.  (20,  9);  HCO 
ase  by  the  method  of  Simon  et  al. 
nucleotidase  by  the  method  of  Di 
Purdom  (21).  Alkaline  phosphatase 
sayed  by  the  method  of  Hausam< 
(22);  leucine  aminopeptidase  by  the 
of  Nagel  et  al.  (23).  Reagent  kits 
assays  were  obtained  from  the  Be 
Mannheim  Corporation.  Enzymes 
sayed  under  conditions  which  ga^ 
results  with  respect  to  both  quj 
tissue  and  time  of  incubation. 

Results.  Table  I  shows  proteir 
and  DNA  content  of  pancreatic  di 
fed  and  fasted  rats.  The  data  are  e 
in  terms  of  tissue  wet  weight  or  mi< 
of  DNA  (mean  ±  SE).  There 
significant  differences  between 
fasted  animals. 

Table  II  shows  values  for  incoi 
of  *^C-labeled  mixed  amino  acids 
teins  by  pancreatic  ducts  from  fed 
animals.  The  results  are  expressed 
per  minute  incorporated  per  mill 
protein  or  as  counts  per  minute 
rated  into  protein  per  100  micro 
DNA.  There  were  no  significant  di 
between  fed  and  fasted  rats. 

Table  III  shows  values  for  [>^( 
oxidation  to  '^COg.  The  results 
pressed  as  nanomoles  of  [*^C]glu( 
dized  per  milligram  of  protein  or 
micrograms  of  DNA.  There  were  si 
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Protein 


RNA 


DNA 


/ig/mg  tissue  wet 
wi 


Fed 
Fasted 


66  ±4« 
65  ±5 


Mg/lOO/Ltgof 
DNA 

830  ±  78 
830  ±  49 


/Lig/mg  tissue  wet 
wt 


0.55  ±  0.44 
0.49  ±  0.05 


/Ltg/lOO/LtgOf 

DNA 


10.3  ± 
9.1  ± 


1.2 
1.2 


/Lig/mg  tissue  wet 
wt 

7.92  ±  0.27 
7.91  ±0.21 


■  Values  are  means  ±  SE  of  three  experiments. 

TABLE  II.  "C-Labeled  Mixed  Amino  Acid 
Incorporation  into  Protein.** 


cpm/milligram 
of  protein 


cpm/100  fig 
of  DNA 


Fed 
Fasted 


60.7  ±  15.9* 
60.0  ±  8.3 


23.7  ±  2.5 
20.3  ±  2.3 


'  Time  of  incubation,  30  min. 

*  Values  are  means  ±  SE  of  three  experiments. 

TABLE  III.  ["C)Glucose  Oxidation. « 


Nanomoles/mg  of  pro- 
tein 


NanomoIes/100 
fig  of  DNA 


Fed 


1.48  X  10-2  ^  0.35**     9.7  x  10-^  ±  l.O** 


Fasted     0.46  x  10-='±0.11 


3.2  X  10-»±0.5 


"  Time  of  incubation,  60  min. 
•  Values  arc  means  ±  SE  of  seven  experiments. 
•  P  <  0.05. 
••/»<  0.005. 

decreases  in  [*^C]glucose  oxidation  with 
fasting  when  the  data  were  expressed  in 
terms  of  protein  (P  <  0.05)  or  DNA  (P  < 
0.005). 

Table  IV  shows  values  for  [*^C]glucose 
or  ["C]glucosamine  incorporation  into  gly- 
coproteins. There  were  no  differences  be- 
tween fed  and  fasted  rats. 

Table  V  shows  mean  values  for  Mg'^^- 
ATPase,  HCOg'-ATPase,  5 '-nucleotidase, 
leucine  aminopeptidase,  and  alkaline  phos- 
phatase activities  expressed  as  a  function  of 
protein  or  DNA.  No  significant  differences 
were  found  in  Mg-^-ATPase,  HCOg-ATP- 
ase,  5 '-nucleotidase,  or  leucine  aminopepti- 
dase activities. 

Alkaline  phosphatase  activity  in  ductal 
tissue  from  fasted  animals  was  significantly 
lower  than  in  fed  animals.  Values  for  alka- 
line phosphatase  activity  in  pancreatic  juice 
from  fed  and  fasted  animals  were  essentially 
similar.  Moreover,  there  was  no  difference 
between  fed  and  fasted  rats  in  total  alkaline 
phosphatase  activity  of  the  whole  pancreas. 
We  concluded  that  the  decrease  associated 


TABLE  IV.  Incorporation  of  ['*C)Glucose  and 
['*C)Glucosamine. 


^CJGlucose" 


("CJGIucosamine* 


cpm/100  cpm/100 

cpm/mg         fig  of         cpm/mg         fig  of 
of  protein        DNA        of  protein        DNA 

Fed        118  ±8^      90  ±7        249  ±  8       215  ±  15 

Fasted    112  ±8        86  ±11      244  ±11     208  ±  24 

°  Time  of  incubation,  60  min. 
*  Time  of  incubation,  30  min. 
*^  Values  are  means  ±  SE  of  four  experiments. 

with  fasting  resulted  from  changes  in  the 
ductal  epithelium  where  alkaline  phospha- 
tase activity  is  mainly  located. 

Studies  were  conducted  to  determine  the 
degree  of  contamination  of  ductal  tissue 
with  acinar  tissue.  Morphologic  examina- 
tion using  light  microscopy  revealed  no  aci- 
nar elements  in  the  pellets  of  ductal  tissue. 
Measurements  of  amylase  activity  in  ductal 
tissue  isolated  from  fed  or  fasted  animals 
were  essentially  similar  (0.385  ±  0.58  and 
0.355  ±  0.39  units/mg  tissue  wet  weight). 
The  results  of  morphologic  studies,  the  pau- 
city of  amylase  activity  in  ductal  tissue 
(<1%  of  amylase  activity  in  acinar  tissue 
per  milligram  tissue  wet  weight),  and  the 
lack  of  differences  between  fed  and  fasted 
animals  would  indicate  that  little  or  no 
acinar  tissue  contaminated  the  ductal  prep- 
aration. 

Discussion.  These  studies  grew  out  of 
efforts  to  obtain  more  definitive  information 
of  a  biochemical  nature  regarding  the  func- 
tion of  pancreatic  ductal  epithelium.  Such 
information  is  particularly  relevant  since  it 
is  recognized  that  pancreatic  ductal  epithe- 
lium may  be  the  primary  site  of  origin  for 
pancreatic  adenocarcinoma. 

The  fed-fasted  model  was  used  to  deter- 
mine if  there  were  differences  in  metabolic 
activities   of  pancreatic   ductal   epithelium 
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TABLE   V 


No.  of  ex- 
periments 

3 
3 

7 

7 
7 

ptmoles  of  phosphate/hr/mg  of 
protein 

ptmoles  of  phosphate/hr/100  /ig 
ofDNA 

Enzyme 

Fed                      Fasted 

16.2  ±  6.7«            16.0  ±  6.9 

15.1  ±5.7              15.5  ±4.6 

5.0  ±  0.6               5.0  ±0.6 

ptmoies/hr/mg  of  protein 

Fed 

Fasted 

Mg=^^-ATPase 
HCO3  -ATPase 
5 '-Nucleotidase 

19.4  ±  7.3 

17.5  ±6.3 
8.9  ±  1.3 

18.6  ±  6.9 

17.6  ±  5.8 

8.5  ±  0.8 

/Ltmoles/hr/10( 

I  /Ltg  of  DN  A 

Leucine  aminopeptidase 
Alkaline  phosphatase 

0.06  ±  0.01          0.06  ±0.01 
9.74  ±  1.27          6.14  ±  0.62* 

0.109  ±  0.2 
16.4  ±  1.4 

0.103  ±  0.2 
11.9  ±  !.!•• 

"  Values  are  means  ±  SE. 

*  P  <  0.005. 
••  P<  0.05. 

with  decidedly  different  states  of  nutrition. 
We  have  shown  in  earlier  works  using  acinar 
tissue  that  fasting  was  associated  with  de- 
creases in  protein  synthesis,  specifically  am- 
ylase, RNA  synthesis,  activities  of  polymer- 
ases I  and  II  enzymes,  as  well  as  decreases 
in  ['^C]glucose  oxidation  to  ^^COg  and 
[*^C]palmitate  oxidation  and  incorporation 
into  phospholipids.  In  addition,  we  demon- 
strated that  increases  observed  in  metabolic 
activities  with  refeeding  were  simulated  by 
the  administration  of  cholecystokinin-pan- 
creozymin  (16,  18,  24,  25).  These  observa- 
tions have  led  us  to  conclude  that  many  of 
the  changes  observed  in  the  exocrine  pan- 
creas with  feeding  were  under  the  control 
of  gastrointestinal  hormones  (26). 

The  studies  presented  here  show  no  dif- 
ferences between  fed  and  fasted  animals  in 
protein  content,  RNA  content,  amino  acid 
incorporation  into  protein,  or  amounts  of 
[*^C]glucose  or  [^^CJglucosamine  incorpora- 
tion into  glycoproteins.  Electron  micro- 
scopic studies  of  ductal  epithelium  have 
shown  little  endoplasmic  reticulum  or  evi- 
dences of  active  protein  synthesis  (1,  2). 
Thus,  we  did  not  anticipate  great  changes  in 
rates  of  protein  or  RNA  synthesis.  Since  the 
duct  epithelial  cells  in  rat,  unlike  those  in 
mouse  and  hamster,  did  not  appear  to  be 
active  in  mucin  secretion  (27),  we  did  not 
anticipate  changes  in  glycoprotein  synthesis. 

Significant  decreases  in  glucose  oxidation 
with  fasting  support  other  observations  that 
ductal  epithelium  has  an  active  metabolic 
rate  (7).  The  decreased  glucose  oxidation 
suggests  that  such  functions  may  be  under 
hormonal  control. 

We  selected  the  five  enzymes  under  study 
because  of  their  possible  role  in  secretory 


or  transport  activities.  Bicarbonate- ATPase 
was  shown  to  be  localized  to  both  plasma 
membrane  and  mitochondria  in  the  pan- 
creas (20).  Wizemann  found  greater 
amounts  of  HCOa'-ATPase  in  the  small 
duct  system,  whereas  Mg^"*^- ATPase  was 
significantly  higher  in  large  ducts,  i.e.,  700 
to  1000  /Ltm  (9).  5'-Nucleotidase  and  leu- 
cine aminopeptidase  were  selected  because 
of  reported  presence  in  ductal  structures 
(9,  28).  Alkaline  phosphatase  was  demon- 
strated histochemically  in  ductal  and  trans- 
port epithelium  (29-31). 

The  decreases  in  alkaline  phosphatase 
activity  in  ductal  tissue  with  fasting  were  of 
interest.  Alkaline  phosphatase  activity  was 
demonstrated  in  large  ducts  (700-1000  /im) 
and  in  small  ducts  (25-60  /im)  by  Wize- 
mann et  al.  (9).  Amounts  of  alkaline  phos- 
phatase activity  in  main  ducts  were  2.6 
times  greater  than  amounts  in  the  whole 
pancreas.  We  found  no  differences  in  alka- 
line phosphatase  activity  with  fasting  or 
feeding  in  whole  pancreas  or  in  pancreatic 
juice. 

We  did  not  find  differences  with  feeding 
or  fasting  in  Mg-+- ATPase,  HCO3-- ATP- 
ase, 5 '-nucleotidase,  or  leucine  aminopepti- 
dase activities.  Similar  levels  of  activity  with 
fasting  or  feeding  would  suggest  that  these 
enzymes  were  not  inducible  and,  therefore, 
were  not  under  control  of  gastrointestinal 
hormones. 

Considerable  technological  difficulties 
were  encountered  in  efforts  to  isolate  and 
study  pancreatic  duct  cells.  At  present, 
there  appears  to  be  two  methodologic  ap- 
proaches to  the  isolation  of  ductal  cells  from 
acinar  tissue.  The  first  depends  on  the  dis- 
sociation of  cells  by  the  use  of  collagenase 
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zymes  and  the  separation  by  the 
iity  gradient  techniques  (32-34). 
I  method  depends  on  the  separa- 
:tal  and  acinar  tissue  by  the  use 
lical  methods.  The  techniques 
s  study,  as  well  as  the  study  by 
et  al.,  depended  on  the  mechan- 
al  of  acinar  tissue  (9). 
;  used  methods  for  cellular  disso- 
k'eloped  by  Amsterdam  and  Ja- 
ly  33).  We  then  applied  the  dis- 
tils to  discontinuous  Ficoll  gra- 
>rding  to  the  method  of  Spalsbury 
)r  on  albumin  gradients  according 
hod  of  Sykes  et  al.  (35).  To  date, 
sen  unable  to  satisfactorily  sepa- 
cells  from  acinar  cells  using  such 
[n  the  course  of  the  dissociation 
;  observed  that  larger  and  smaller 
lined  intact  and  could  be  studied 

ies  were  expected  in  the  separa- 
tal,  centroacinar,  and  acinar  cells 
il  cells  represent  less  than  5-8% 
cellular  mass  (36).  Nevertheless, 
dies  of  ductal  cells  will  be  neces- 
better  understanding  of  mecha- 
iter  and  electrolyte  secretion  and 
changes    associated    with    such 

i\  Although  pancreatic  duct  cells 
characterized  morphologically 
liemically,  information  on  their 
ry  and  mechanism  is  lacking.  The 
present  work  was  to  study  se- 
abolic  parameters  in  the  pan- 
:t  of  fed  and  fasted  rats.  The" 
was  quickly  isolated  by  dissection 
d  longitudinally.  Twelve  ducts 
d  for  each  study.  Fasting  for  72 
associated  with  decreases  in 
e  oxidation  to  *^C02  and  alkaline 
e  activity.  There  were  no 
th  fasting  in  the  following  param- 
rin,  RNA,  or  DNA  content;  »^C- 
ino  acid  incorporation  into  pro- 
Iglucose  or  [*^C]glucosamine  in- 
1  into  glycoproteins;  Mg-'^-ATP- 
,"-ATPase, .  5'-nucleotidase,  or 
inopeptidase  activities.  In  con- 
nar  cells,  duct  cells  did  not  ac- 
esize  proteins.  This  study  points 
increatic  duct  cells  are  metabol- 


ically  active  and  that  fasting  was  associated 
with  reductions  in  glucose  oxidation  and 
alkaline  phosphatase  activity.  Whether 
these  metabolic  activities  are  under  the  con- 
trol of  gastrointestinal  hormones  remains  to 
be  determined.  Moreover,  the  significance 
of  the  reduction  in  alkaline  phosphatase 
activity  with  fasting  is  not  known. 
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iuction.  Herpes  simplex  virus  (HSV) 
es  in  vitro  in  spleen  cells  of  certain 
of  mice  after  prestimulation  with 
lie  doses  of  endotoxic  lipopolysac- 
(LPS)  (1).  However,  no  viral  repli- 
Kcurs  in  unstimulated  cultures  or  in 
i  prestimulated  with  T-cell  mitogens, 
ing  that  B  lymphocytes  or  macro- 
activated  by  LPS  are  the  target  cells 
V  replication  in  mouse  spleen  cell 

der  to  provide  more  definitive  data 
role  of  lymphoreticular  cells  in  HSV 
ion  in  vitro  we  recently  employed 
Kin-unresponsive  mice  (C3H/HeJ)  in 
•eriments.  This  mouse  strain  is  resist- 

number  of  toxic  and  immunological 

of  LPS  (2-5).  Furthermore,  both 
r'mphocytes  and  macrophages  of  this 
ire  unresponsive  to  LPS  (6,  7).  As 
ited,  spleen  cells  from  C3H/HeJ 
etreated  with  LPS  failed  to  prolifer- 

did  not  support  virus  replication  in 

the  same  manner  as  did  spleen  cells 
e  closely  related  C3HeB/FeJ  mouse 
s  susceptible  to  the  biological  effects 

We  therefore  compared  the  suscep- 
of  these  two  strains  of  mice  to  in 
ection  with  HSV. 
^ials    and   methods.    Virus.    HSV-1 

strain  was  adapted  to  mouse  brain 
d  fori/i  vivo  experimentation  (8).  A 

infected  brains  was  prepared,  ho- 
zed,  diluted  1/10  in  saline,  and 
in  aliquots  at  -70°.  This  pool,  con- 
5  X  10^  plaque-forming  units  (PFU)/ 
s  used  for  all  experiments.  Before 
llular  material  was  removed  by  cen- 

work  was  initiated  when  S.E.M.  was  a  Visit- 
ssor  at  the  University  of  Heidelberg.  Send  re- 
uests  to  Dr.  Stephan  E.  Mergenhagen.  Na- 
;titute  of  Dental  Research,  National  Institutes 
I.  Bethesda.  Maryland  20014. 


trifugation.  Form  vitro  experiments,  a  tissue 
culture-derived  preparation  of  HSV  (WAL) 
grown  in  VERO  cells  and  containing  5x10^ 
PFU/ml  was  used.  Viral  titrations  were  per- 
formed in  mouse  embryo  fibroblasts  (MEF) 
which  were  derived  from  one  batch  of  fro- 
zen cells  and  used  between  the  third  and 
ninth  passage.  The  detail  of  the  viral  plaque 
assay  have  been  described  (1). 

Mice.  Male  C3HeB/FeJ  and-<:3H/HeJ 
mice,  8-16  weeks  old,  obtained  from  Jack- 
son Laboratories  (Bar  Harbour,  Maine) 
were  injected  with  10- fold  serial  dilutions 
of  HSV  in  0.1-ml  (intraperitoneally,  ip)  or 
in  0.03-ml  (intracerebrally,  ic)  aliquots. 
Deaths  were  recorded  daily  until  18  days 
after  infection  and  the  LD50  was  calculated 
as  described  (8). 

Spleen  cell  cultures.  Single  spleen  cell 
suspensions  were  prepared  using  sterile 
technique  and  stimulated  by  mitogens  in  a 
standard  lymphocyte  stimulation  assay  (1). 
The  following  mitogens  were  used:  PHA 
(purified  phytohemagglutinin;  Wellcome 
Laboratories,  Bechenham,  England,  2.5 
/Ltg/ml),  Con  A  (concanavalin  A;  Calbi- 
ochem,  San  Diego,  Calif.,  2.5  /Ltg/ml),  and 
LPS  (lipopolysaccharide  W  Salmonella  ty- 
phimurium  3125-25;  Difco,  Detroit,  Mich., 
10  /Ltg/ml).  A  crude  preparation  of  Achole- 
plasma  laidlawaii  (AL)  was  prepared  and 
used  as  a  mitogen  (submitted  for  publica- 
tion). 

For  demonstration  of  viral  replication  in 
mitogen-stimulated  spleen  cell  cultures  a 
previously  described  technique  was  fol- 
lowed (1).  After  prestimulation  with  opti- 
mally stimulatory  doses  of  mitogens  for  2 
days,  cultures  were  infected  with  HSV-1  at 
a  multiplicity  of  infection  of  10.  After  24 
hr,  the  cultures  were  terminated  by  rapid 
freezing  at  -70°.  Viral  titers  were  deter- 
mined by  plaque  assay  in  MEF  (see  above). 

Peritoneal  exudate  cells.    Mice  were  in- 
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jected  ip  wth  1 0*  PFU  of  HSV  and  sacrificed 
after  24  hr.  Five  milliliters  of  saline  was 
injected  ip  and  the  cells  of  the  peritoneal 
cavity  (PEC)  were  recovered  by  standard 
techniques.  The  PEC  were  centrifuged,  re- 
suspended  in  medium,  and  directly  plated 
on  confluent  monolayers  of  MEF  for  evalu- 
ation by  the  viral  plaque  assay. 

Results.  In  vitro  mitogenicity  of  LPS  for 
spleen  cells  of  C3H/HeJ  and  C3HeBIFeJ 
mice  and  replication  of  HSV  in  these  cul- 
tures. As  previously  described  by  several 
laboratories  (3,  5)  spleen  cells  of  C3H/HeJ 
mice  did  not  respond  to  the  mitogenic  effect 
of  LPS  in  culture,  in  contrast  to  spleen  cells 
from  C3HeB/FeJ  mice  (Table  I).  However, 
they  responded  well  to  AL,  another  B  cell 
mitogen  (unpublished  observation)  and  to 
the  T-cell  mitogens  PHA  and  Con  A.  The 
ability  of  C3H/HeJ  mice  to  respond  to  B- 
cell  mitogens  other  than  LPS  is  well  known 
(3). 

We  have  previously  reported  that  repli- 
cation of  HSV  in  mouse  spleen  cultures 
required  lymphoid  cell  activation  with  a  B- 
cell  mitogen  such  as  LPS  (1).  We  therefore 
investigated  whether  HSV  would  replicate 
in  vitro  in  C3H/HeJ  spleen  cells.  There  was 
no  demonstrable  HSV  replication  in  LPS- 
treated  C3H/HeJ  cells  (<10»  PFU/ml), 
while  HSV  replicated  very  well  in  LPS- 
treated  C3HeB/FeJ  spleen  cells  (4.2  x  10^ 
PFU/ml)  (Table  II).  However,  in  spleen 
cell  cultures  of  C3H/HeJ  mice  stimulated 
with  the  B-cell  mitogen,  AL,  virus  replica- 
tion did  occur  (5.3  x  10^  PFU/ml),  thus 
demonstrating  that  C3H/HeJ  spleen  cells 
were  capable  of  replicating  HSV  in  vitro 
when  appropriately  stimulated. 


TABLE  I.  Effect  of  Different  Mitogens  on 

Spleen  Cell  Cultures  of  C3H/HeJ  and  C3HeB/ 

FeJ  Mice 

Lymphocyte  proliferative  response 
(cpm  pHlTdR  incorporated/6  x  10*  cells) 


TABLE  n.  In  vitro  Replication  of  HSV  in 

Spleen  Cell  Cultures  of  C3HeB/FeJ  and  C3H/ 

HeJ  Mice. 


Mitogen 

C3H/HeJ 

C3HeB/FeJ 

None 

1,733 

:  1,991 

added 

PHA 

63,774 

74,954 

Con  A 

101,301 

111,419 

LPS 

1,946 

45,745 

AL 

25,613 

23,420 

HSV  replication" 
(PFU/3  X  10«  cells) 


Mitogen 

None  added 

PHA 

LPS 

AL 


C3H/HeJ 

<10' 

<10' 

<10' 

5.3  X  UP 


C3HeB/FeJ^ 

<10' 

<10' 
4.2  X  UV 
1.2  X  HP 


°  Cultures  were  preincubated  with  or  without  mito- 
gen for  48  hr,  infected  with  HSV,  and  incubated  for 
another  24  hr.  Titers  were  determined  in  MEF  in  a 
viral  plaque  assay. 

Lethality  of  C3HIHeJ  and  CSHeB/FeJ 
mice  after  ip  and  ic  infection  with  HSV.  We 
next  determined  the  intrinsic  susceptibility 
of  these  mice  to  ip  challenge  with  HSV  in 
the  absence  of  any  exogenously  adminis- 
tered LPS.  Quite  surprisingly,  we  found 
that  approximately  100  times  more  HSV 
was  required  to  kill  C3H/HeJ  mice  after  ip 
inoculation  than  to  kill  C3HeB/FeJ  mice 
(Table  III). 

It  is  thought  that  after  ip  inoculation, 
HSV  first  replicates  in  the  peritoneum,  then 
travels  via  the  blood  to  the  brain  where  it 
produces  a  fatal  encephalitis  (9).  In  order 
to  determine  if  C3H/HeJ  mice  were  resist- 
ant to  HSV  because  of  a  failure  of  the  virus 
to  replicate  in  the  cells  of  the  target  organ 
(brain),  HSV  was  inoculated  directly  ic  into 
both  mouse  strains.  After  ic  inoculation, 
there  was  no  significant  difference  in  suscep- 
tibility between  the  two  strains,  although 
the  LD50  was  lower  in  both  (Table  III). 

These  findings  suggested  that  the  resist- 
ance of  C3H/HeJ  mice  was  due  to  a  failure 
of  HSV  to  replicate  intraperitoneally.  In 
order  to  determine  if  this  was  the  case,  5  x 
10*  PFU  of  HSV  were  inoculated  ip  into 
both  strains  and  virus  titers  were  quanti- 
tated  in  their  peritoneal  cells  24  hr  later. 
Viral  recovery  was  more  consistent  and  con- 
siderably higher  from  PEC  of  C3HeB/FeJ 
mice  than  from  PEC  of  C3H/HeJ  mice 
(Table  IV).  In  four  of  six  C3H/HeJ  mice, 
no  HSV  was  recovered  from  their  PEC, 
and  the  remaining  two  mice  yielded  5  and 
17  PFU  of  HSV/ml,  respectively.  In  con- 
trast, six  of  six  C3HeB/FeJ  PEC  contained 
HSV  ranging  in  titer  from  30  to  200  PFU/ 
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LE  III.  LETHALmr  of  C3H/HeJ  and  C3HeB/FeJ  Mice  after  ip  and  ic  Infection  with  HSV. 


Type  of 
infection 

LD50  of  HSV 
(PFU/mousc) 

t.No. 

C3H/HeJ 

C3HeB/FcJ 

pa 

I 

ip 

7.95  X  10» 

6.30  X  10» 

<0.05 

11 

»P 

1.72  X  10* 

2.35  X  10' 

<0.05 

II 

>P 

1.35  X  10» 

2.45  X  10' 

<0.05 

V 
V 

IC 

ic 

1.78  X  10* 
4.27  X  10» 

4.27  X  10* 
3.20  X  10* 

Nol 
Not 

t  significant 
\  significant 

stical  evaluation  performed  using  Student's/  test. 


IV.  Titers  of  HSV  in  PEC  of  C3H/HeJ 
HeB/FeJ  Mice  24  hr  after  Infection  of  5 
X  10*  PFU  of  HSV. 

Recovery  of  HSV  from 

peritoneal  cells 

(PFU/ml)° 

).  Mouse  No.      C3H/HeJ        C3HeB/FeJ 


0.5  X  10» 

0 

0 
1.7  X 

0 

0 


10» 


8  X  10» 

1  X  10* 
7  X  10» 

2  X  10* 

9  X  10> 

3  X  10' 


were  recovered  from  the  peritoneal  cavity, 
y  washed,  suspended  in  medium,  and  tested 
ent  monolayers  of  MEF  in  a  viral  plaque 


is,  these  findings  suggest  that  the 
ce  of  C3H/HeJ  mice  to  HSV  is  re- 
a  failure  of  the  virus  to  replicate 
itonealiy  in  this  strain. 
ssion.  We  have  recently  described  a 
of  in  vitro  replication  of  HSV  in 
pleen  cell  cultures  prestimulated  by 
I.  Unstimulated  spleen  cell  cultures 
tures  stimulated  by  the  T-cell  mito- 
[A  and  Con  A  did  not  support  viral 
Since  spleen  cells  of  C3H/HeJ  mice 
:en  shown  to  be  unreactive  to  the  1 
of  LPS  (3,  5),  it  is  not  surprisingT- 
lication  of  HSV  could  not  be  dem- 
d  in  these  cultures.  This  observation 
o  compare  the  lethality  of  HSV  in 
ains  of  mice.  In  this  report,  we  have 
that  the  mortality  of  C3 HeB/FeJ 
er  ip  infection  with  HSV  was  signif- 
ligher  than  that  of  C3H/HeJ  mice, 
ference  appears  to  be  notewoi:thy 
)  our  knowledge,  it  represents  the 
lonstration  of  a  difference  in  suscep- 
o  a  viral  infection  in  these  closely 
itrains  of  mice  that  were  thought  to 


differ  only  in  their  endotoxin  responsive- 
ness. 

Host  susceptibility  to  viral  infections  is 
obviously  determined  by  a  complex  series 
of  factors  (10).  In  a  recent  study,  Lopez 
suggested  that  resistance  to  HSV-1  in  mice 
was  determined  by  at  least  three  genes  (11). 
The  C3H/HeJ  mouse  strain  has  been  exten- 
sively studied  since  it  is  unresponsive  to  all 
known  effects  of  endotoxin  due  to  a  muta- 
tion in  a  single  autosomal  gene  that  oc- 
curred some  time  between  1960  and  1965 
(12,  13).  Furthermore,  this  defect  is  highly 
specific,  since  it  seems  to  be  limited  to  the 
lipid  A  moiety  of  LPS  (14).  The  C3H/HeJ 
and  C3HeB/FeJ  strains  are  closely  related, 
and  the  only  identified  difference  between 
them  is  their  LPS  responsiveness.  There- 
fore, the  fact  that  the  C3H/HeJ  strain  is 
resistant  to  lethal  infection  with  HSV-1  is 
extremely  interesting  since  it  raises  the  pos- 
sibility that  the  gene  that  controls  LPS  sen- 
sitivity is  also  one  of  the  genes  responsible 
for  susceptibility, to  HSV-1  infection. 

Our  evidence  suggests  that  the  resistance 
of  C3H/HeJ  mice  to  HSV  is  due  to  events 
taking  place  in  the  peritoneal  cavity  since 
HSV  grows  poorly  in  peritoneal  cells  of 
C3H/HeJ  mice  (Table  IV),  and  since  they 
appear  to  grow  well  intracerebrally  in  this 
strain  (Table  III).  Furthermore,  our  evi- 
dence also  suggests  that  resistance  is  due  to 
some  defect  in  the  activation  of  cells,  since 
spleen  cells  of  this  strain  will  replicate  HSV 
normally  in  vitro  when  appropriately  stimu- 
lated (Table  II).  Finally,  that  the  connection 
between  LPS  and  HSV  sensitivity  is  signifi- 
cant and  not  merely  coincidental  is  sug- 
gested by  the  findings  that  LPS  is  required 
for  the  replication  of  HSV  in  vitrOy  and  that 
a  mouse  strain  whose  only  known  defective 
response  is  to  LPS  is  also  resistant  to  HSV. 


32 


HSV    INFECTION    OF    C3H/HeJ    MICE 


While  replication  of  HSV-1  within  peri- 
toneal cells  appears  to  be  one  of  the  factors 
necessary  for  the  induction  of  lethality,  it  is 
obviously  not  the  only  factor  involved. 
HSV-1  replicates  normally  in  (C57/BL/6  x 
DBA/2J)  Fl  mice  even  though  these  mice 
are  resistant  to  its  lethal  effects  (1).  These 
findings  are  best  explained  by  the  hypothe- 
sis that  more  than  one  gene  controls  suscep- 
tibility to  HSV-1  induced  lethality  (11). 

It  is  not  yet  known  whether  HSV-1  repli- 
cates within  the  B  lymphocytes  or  the  mac- 
rophages in  the  peritoneal  cavity.  Since  the 
responses  of  both  cell  types  to  LPS  are 
abnormal  in  C3H/HeJ  mice  (7),  either  one 
or  both  cells  could  be  the  target.  However, 
our  previous  findings  suggest  that  the  acti- 
vated B  cell  is  more  important  than  the 
macrophage  in  this  regard  since  HSV-1  rep- 
licates well  in  macrophage-depleted  B  lym- 
phocytes but  replicates  only  poorly  in  iso- 
lated macrophage  populations  (1). 

It  is  premature  to  speculate  on  the  rela- 
tionship between  the  sensitivity  of  the 
mouse  to  HSV  and  LPS.  First  it  must  be 
demonstrated  if  this  connection  is  real.  A 
formal  genetic  analysis  to  ascertain  whether 
the  LPS  gene  controls  HSV  sensitivity  is 
currently  underway.  However,  if  this  does 
turn  out  to  be  the  case,  it  would  suggest 
that  either  LPS  or  some  LPS-like  molecule 
plays  an  important  but  heretofore  unrecog- 
nized role  in  the  homeostasis  of  the  lymph- 
oid system,  or  that  the  LPS  gene  regulates 
some  important,  non-LPS-related  functions 
in  the  host.  The  implications  of  either  pos- 
sibility are  potentially  great. 

Summary.  In  vitro  replication  of  herpes 
simplex  virus  (HSV)  in  murine  spleen  cells 
requires  simultaneous  cell  stimulation  with 
a  B-cell  mitogen  such  as  lipopolysaccharide 
(LPS).  As  expected,  spleen  cells  of  LPS- 
unresponsive  C3H/HeJ  mice  did  not  sup- 
port HSV  replication  in  LPS-pretreated  cul- 
tures, while  spleen  cells  from  closely  related 
but  LPS-responsive  C3HeB/FeJ  did.  More 
importantly,  the  C3H/HeJ  strain  was  found 


to  be  intrinsically  resistant  to  HSV  ir 
in  vivo.  After  intraperitoneal  (ip)  i 
tion,  HSV  was  50-120  times  mor 
lent  for  C3HeB/FeJ  mice  than  for  th 
HeJ  strain.  This  resistance  appeare 
due  to  a  failure  of  HSV  to  repli 
C3H/HeJ  peritoneal  cells,  since  j 
infection  with  HSV,  recovery  of  vi 
higher  and  more  consistent  from  pe 
exudate  cells  of  C3HeB/FeJ  mice  th 
C3H/HeJ  mice.  In  addition,  no  dif 
in  lethality  was  observed  between  th 
strains  after  a  direct  intracerebral  i 
tion  of  HSV.  This  observation  thj 
unresponsive  mice  are  intrinsically  r 
to  lethal  HSV  infection,  coupled  v 
LPS  requirement  for  HSV  replica 
vitro,  suggests  an  important  but  as  y( 
plained  link  between  host  sensitivity 
and  to  LPS. 
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udies  on  intracellular  localization 
s,  as  determined  by  density-gra- 
uding  zonal)  centrifugation,  it  is 
to  assay  a  number  of  enzymes  on 
;  40  samples.  For  many  enzymes, 
used  spectrophotometric  assays 
ipectrophotometer  coupled  to  a 

(1).  For  catalase,  however,  al- 
jcctrophotometric  assays  have 
ibed  that  use  hydrogen  peroxide 
e  (for  review,  see  (2)],  they  are 
le  for  assays  of  numerous  tissue 
at  by  their  nature  are  highly  im- 
)lems  such  as  instability  of  the 
latency  of  particle-associated  cat- 
high  blank  values  made  this  ap- 
latisfactory  for  our  purposes. 
te  was  introduced  as  a  substrate 
«  by  Feinstein  (3).  We  used  a 
ic  adaptation  of  this  procedure 
ral  studies  on  catalase  distribution 
jtions  of  perborate  are  relatively 
d  the  problems  of  latency  are 
'hen  the  assay  is  carried  out  at 
)erature  or  higher  (7).  However, 
trie  and  colorimetric  methods  are 
iming,  of  doubtful  accuracy  for 
ith  low  activity,  and  not  readily 
to  our  data-processing  system, 
ort  describes  the  use  of  perborate 
ate  in  a  spectrophotometric  assay 
in  mouse  liver  fractions. 
.  The  reaction  mixture,  under  the 

finally  established,  consisted  of 
•  0.05  Af  potassium  phosphate 
:  7.4,  and  0.002  to  0.05  ml  of  a 
pie  diluted  to  effect  an  optical 
lange  of  0.10-0.25/min.  After 
Dn  for  about  5  min  at  30°,  the 
as  started  by  the  addition  of  0.2 
N  sodium  f)erborate,  neutralized 

pported  by  the  U.S.  Energy  Research 
ment  Administration.  By  acceptance  of 
:he  publisher  or  recipient  acknowledges 
emment^s  right  to  retain  a  nonexclusive, 
icense  in  and  to  any  copyright  covering 


to  pH  7.4  with  85%  H3PO4  (4).  Blanks 
without  perborate  were  prepared  for  each 
sample. 

Assays  were  carried  out  at  28-30**  in 
quartz  cuvettes  specially  cleaned  to  mini- 
mize the  adhesion  of  bubbles  to  the  surface 
of  the  glass  (8).  Spectrophotometric  meas- 
urements were  made  at  220  nm,  at  intervals 
of  20-25  sec  for  a  period  of  2-3  min,  with 
the  apparatus  described  elsewhere  (1). 

To  test  the  efficacy  of  the  method,  3  ml 
of  a  mouse  liver  homogenate  (1:10  in  0.25 
M  sucrose)  was  layered  over  a  42-ml  sucrose 
gradient  (0.29-0.88  Af)  containing  0.02  M 
ethanol  in  a  50-ml  polycarbonate  centrifuge 
tube.  The  tube  was  centrifuged  at  4100 
rpm  for  70  min;  15  fractions  of  3  ml  each 
were  collected  and  assayed.  Details  of  gra- 
dient preparation  and  fraction  collection 
have  been  previously  presented  (9).  Cata- 
lase activity,  as  indicated  by  the  first-order 
kinetic  constant,  was  calculated  by  comput- 
ing the  least-squares  fit  of  a  plot  of  the 
natural  logarithm  of  the  optical  density  vs 
time.  The  slopes  of  these  lines  were  con- 
verted to  k  values  in  terms  of  the  total 
sample  volume  of  3  ml. 

Results.  Wavelength,  Although  the  maxi- 
mum absorption  of  perborate  is  at  205  nm, 
the  contribution  of  the  buffer  and  of  tissue 
components  is  objectionably  high  at  this 
wavelength.  We  have  found  that  220  nm 
represents  the  best  compromise  between 
sensitivity  and  blank  absorption. 

Buffer  concentration  and  pH.  Increasing 
the  final  concentration  of  phosphate  from 
0.047  to  0.093  M  did  not  appreciably  de- 
crease the  rate.  However,  higher  concentra- 
tions (0.14  M  and  above)  were  inhibitory. 
The  pH  optimum  was  7.40.  A  10%  de- 
crease in  reaction  rate  was  observed  when 
tris-(hydroxymethyl)-methylamine  was  sub- 
stituted for  phosphate. 

Temperature.  It  has  been  most  convenient 
to  carry  out  the  assays  at  30°.  At  higher 
temf)eratures,  the  initial  rates  are  faster, 
but  as  a  result  of  enzyme  inactivation  the 
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reaction  obeys  first-order  kinetics  for 
shorter  [)eriods  of  time. 

Miscellaneous  properties.  Sucrose  at  final 
concentrations  of  0.1  M  does  not  affect  the 
reaction;  however,  KCl  is  inhibitory  at  final 
concentrations  above  0.02  Af.  Triton  X-100 
cannot  be  used  in  this  assay  because  of  its 
high  uv  absorption.  However,  digitonin 
(0.01%)  and  sodium  cholate  (0.25%)  can 
be  used  without  interference  in  tests  for 
activation. 

Applications.  Figure  1  shows  the  results 
obtained  with  the  original  homogenate  and 
with  various  fractions  of  the  gradient.  It  is 
apparent  that  (a)  the  reaction  obeys  first- 
order  kinetics  over  the  assay  period,  (b)  in 
each  case  the  lines  obtained  by  least- 
squares  fit  extrapolate  to  the  same  inter- 
cept, and  (c)  the  slopes  of  the  lines  for  a 
given  sample  are  proportional  to  the  volume 
of  the  sample  used;  the  actual  slopes  for  H, 
(0.01  ml)  and  Hg  (0.02  ml)  were  -6.80 
and  -13.24  x  10"^  sec~\  respectively. 

Table  I  lists  the  slopes  (with  standard 
errors)  and  intercepts  for  assays  on  the 
various  fractions,  calculated  on  the  basis  of 
the  total  fraction  volume  of  3  ml.  The  high 
values  for  fractions   1   and  2  reflect  the 


60       eo      100 

TIME  (Mcondt) 

Fig.  1 .  Catalase  assays  on  a  mouse  liver  homoge- 
nate and  on  four  fractions  recovered  after  density- 
gradient  centrifugation.  The  homogenate  was  diluted 
1:30  in  0.05  M,  pH  7.0,  phosphate  buffer;  then 
assayed  with  0.01  ml  (H,)  and  0.02  ml  (Hz)  of  the 
dilutions.  The  fractions  were  assayed  with  0.01  ml  (5), 
0.02  ml  (6  and  8),  or  0.04  ml  (9). 


soluble  catalase  from  blood  entrapped  in 
the  liver.  Fraction  1  is  the  original  homoge- 
nate layer,  and  fraction  15  is  the  pellet. 
The  recovery  in  fractions  1  through  15  is 
108.4%  of  the  original  homogenate.  The 
average  value  of  the  intercepts  is  0.2518  ± 
0.0174  (1.286  ±  0.022  optical  density 
units). 

In  a  similar  ex[)eriment,  each  fraction  was 
assayed  for  catalase  activity  by  both  the 
spectrophotometric  method  described  above 
and  the  colorimetric  procedure  (4).  Regres- 
sion analysis  of  the  percentage  of  activity  in 
each  fraction  as  determined  by  both  meth- 
ods indicated  a  correlation  coefficient  of 
0.96.  The  parameters  of  the  distribution 
curves  calculated  from  the  [)ercentages  (9) 
were  virtually  identical:  The  midpoint  val- 
ues were  0.487  /utm  for  the  spectrophoto- 
metric assay  and  0.498  /utm  for  the  colori- 
metric, and  the  corresponding  values  for 
the  dispersions  (a)  were  0.095  and  0.113 
/Ltm.  These  data  are  evidence  that  the  two 
procedures  are  in  fact  measuring  the  same 
phenomenon,  disappearance  of  perborate. 

Discussion.  The  use  of  f)erborate  as  a 
substrate  for  the  spectrophotometric  assay 
of  catalase  seems  entirely  feasible,  and  su- 
perior in  many  respects  to  the  use  of  hydro- 
gen peroxide.  The  principal  advantage  is 
the  stability  of  perborate  solutions,  which 
obviates  the  need  for  repeated  standardiza- 

TABLE  I.  Parameters  of  Catalase  Assays  in 
Mouse  Liver  Homogenate  and  Fractions. 


k  ± 

SE 

Fraction 

^n,° 

(sIope/3  ml) 

intercept 

1 

_ 

-0.8586 

±  0.0422 

0.2677 

2 

0.100 

-0.5297 

±  0.0202 

0.2687 

3 

0.242 

-0.3944 

±  0.0145 

0.2760 

4 

0.316 

-0.4460 

±  0.0103 

0.2622 

5 

0.377 

-0.5188 

±  0.0133 

0.2618 

6 

0.430 

-0.5250 

±  0.0188 

0.2582 

7 

0.478 

-0.3857 

±  0.0122 

0.2640 

8 

0.525 

-0.3441 

±  0.0054 

0.2353 

9 

0.569 

-0.2214 

±  0.0067 

0.2592 

10 

0.612 

-0.1298 

±  0.0049 

0.2232 

11 

0.655 

-0.0800 

±  0.0033 

0.2549 

12 

0.698 

-0.0423 

±  0.0020 

0.2206 

13 

0.741 

-0.0364 

±  0.0022 

0.2294 

14 

0.786 

-0.0308 

±  0.0011 

0.2344 

15 

- 

-2.0053 

±  0.0979 

0.2524 

Total 

-6.5485 

Homogenate 

-6.0390 

±  0.0929 

0.2611 

"  Mean  diameter  (micrometers)  of  particulates  in 
the  fraction.  See  Ref.  (9)  for  calculations. 
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and  for  correction  for  spontaneous  de- 
iposition. 

he  spectrophotometric  assay  is  also  su- 
or  to  the  titrimetric  and  colorimetric 
hods  in  which  measurements  are  made 

single  time  point,  and  in  which  zero- 
;r  kinetics  is  generally  assumed.  We  are 
g  the  method  described  here  routinely 
:udies  on  rodent  liver  peroxisomes. 
anmary,  A  spectrophotometric  assay 
catalase  has  been  develo[)ed  in  which 
um  perborate,  rather  than  hydrogen 
)xide,  is  used  as  the  substrate.  The 
hod  is  convenient,  rapid,  and  readily 
>ted  to  the  measurement  of  catalase  in 
:ellular  fractions. 
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Vagal  afferent  nerve  activity  from  the 
lungs  is  involved  in  the  dyspnea  of  heart 
failure.  Constantine  (1)  found  that  pulmo- 
nary congestion  increased  the  discharge  fre- 
quency of  slowly  adapting  stretch  receptors. 
In  addition,  vagal  afferent  nerve  activity 
from  receptors  located  in  the  main  branches 
of  the  pulmonary  artery  (2),  pulmonary 
veins  (3),  and  walls  of  intrapulmonary  ves- 
sels (4,  5)  which  respond  to  vascular  pres- 
sure changes  were  also  reported.  The  func- 
tional relationships  between  vascular  pres- 
sure and  neural  discharge  frequency  from 
intrapulmonary  mechanoreceptors ,  how- 
ever, have  not  been  determined.  The  objec- 
tive of  the  present  study,  therefore,  was  to 
determine  the  relationships  between  neural 
discharge  frequency  and  pulmonary  vascu- 
lar pressures  of  receptors  located  within  the 
lung. 

Materials  and  methods.  Afferent  nerve 
activity  was  studied  in  four  single  and  six 
small  multifiber  nerve  preparations  in  five 
mongrel  dogs  (18-28  kg)  anesthetized  with 
30  mg/kg  of  sodium  pentobarbital  (Nembu- 
tal, Abbott  Laboratories).  Ventilation  and 
pulmonary  arterial  perfusion  of  the  left 
lower  lobe  (LLL)  were  isolated  from  that 
of  the  animal,  in  situ,  to  permit  optimum 
control  of  pulmonary  hemodynamics  and 
airway  pressure.  The  LLL  was  exposed  by 
removing  ribs  2  through  8  on  the  left  side. 
Left  middle  and  upper  lobes  were  ligated 
and  removed.  The  airways  of  the  LLL  and 
right  lung  were  separated  by  using  a  tube- 
within-a-tube  system  which  allowed  cannu- 
lation  of  the  left  bronchus. 

Separate  ventilation  of  the  right  lung  and 
LLL  was  accomplished  by  a  square-flow, 

•  Address  correspondence  to  Franz  O.  Igler,  Re- 
search Service  (151),  Veterans  Administration  Center, 
Wood,  Wisconsin  53193. 


solinoid  respirator  which  enabled  measure- 
ment of  LLL  static  compliance  and  resist- 
ance as  previously  described  (6).  There 
were  no  appreciable  differences  in  these 
measurements  between  the  autoperfused 
LLL  and  the  pump-f)erfused  LLL  during 
experimental  manipulations.  Systemic  and 
LLL  blood-gas  tensions  were  maintained  at 
a  Po,  of  100-300  mm  Hg  and  a  Pco,  of  34- 
44  mm  Hg  at  a  pH  of  7.35-7.44. 

Two  methods,  described  below,  were 
used  to  systematically  alter  pulmonary  vas- 
cular pressures. 

Ramp  changes  in  lobar  vascular  pressures 
(Method  I),  The  LLL  pulmonary  artery  and 
femoral  vein  were  cannulated.  Blood  from 
the  femoral  vein  was  pumped  through  the 
lobe  using  a  Sams  nonocclusive  roller  pump 
and  returned  to  the  animal  via  the  intact 
lobar  vein.  Ramp  changes  in  LLL  vascular 
pressures  were  produced  by  either  increas- 
ing pump  speed  or  by  tightening  a  snare 
placed  around  the  lobar  vein  to  increase 
outflow  resistance. 

Sinusoidal  and  step  changes  in  LLL  vas- 
cular pressures  (Method  II).  Figure  1  shows 
the  method  used  to  produce  sinusoidal  and 
step  alterations  in  LLL  vascular  pressures. 
The  LLL  vein,  LLL  branch  of  the  pulmo- 
nary artery,  and  femoral  vein  were  cannu- 
lated. Blood  from  a  Mariotte  bottle  reser- 
voir placed  in  a  water  bath  (36-38**)  was 
used  to  f)erfuse  the  LLL.  Outflow  blood 
was  collected  in  a  reservoir  which  could  be 
raised  or  lowered  to  produce  step  changes 
in  vascular  pressures.  Retrograde  (vein  to 
artery)  and  forward  (artery  to  vein)  perfu- 
sion of  the  LLL  were  used  to  produce 
differential  alterations  of  venous  and  arte- 
rial pressures.  Sinusoidal  pulsations  of  de- 
sired amplitude  and  frequency  were  suj)er- 
imposed  on  a  mean  vascular  pressure  by 
using  a  Harvard  respirator  (Fig.  1).  Sinuso- 
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Schematic  diagram  of  the  in  situ  LLL  per- 
:m.  The  stippled  tubes  show  the  retrograde 
ircuit.  Arrows  show  the  direction  of  blood 
oidal  oscillations  of  vascular  pressure  were 
by  changing  the  air  pressure  within  the 
using  a  Harvard  respirator. 

ipulations  enabled  evaluation  of 

discharge  pattern  over  a  wide 
vascular  pressures  and  detemiina- 
le  relative  intrapulmonary  location 
or  venous)  of  the  receptor  (see 
Statham  pressure  transducers 
d  to  monitor  LLL  airway  and  vas- 
^ssures.  Manipulations  of  pulmo- 
cular   pressures   were   f)erformed 

LLL  was  apneic. 

recording.  Nerve  activity  was  ob- 
om  slips  of  nerve  dissected  from 
vagosympathetic  trunk  and  placed 
ngsten  carbide  bipolar  electrodes 
1  in  a  chamber  filled  with  warmed 
)il.  Nerve  fibers  selected  for  study 
)se   responding  to   LLL  vascular 

changes.  Both  single  and  small 
r  nerve  activity  responded  to  vas- 
^ssure  alterations.  Nerve  activity 
lifted,  filtered,  and  then,  together 
-  arterial,  venous,  and  airway  pres- 
:x)rded  on  magnetic  ta[)e  and  dis- 
1  a  Honeywell  1912  Visicorder. 
nalysis.  The  tape-recorded  nerve 
^as  fed  into  a  window  discriminator 
ected  action  potentials  on  the  basis 
tude.  An  upper  voltage  threshold 
:ted  to  exclude  action  potentials 

desired  amplitude,  and  a  lower 
ireshold  excluded  action  potentials 
desired  spike  amplitude.  A  stan- 
put  pulse  was  generated  for  each 
ike  falling  between  these  voltage 
Is.  Thus,  with  small  multifiber 
eparations  a  single  active  nerve 


fiber  could  be  selected  for  analysis. 

For  sinusoidal  variations  of  vascular  pres- 
sures, the  discriminator  output  was  accu- 
mulated in  50-msec  time  intervals  and  aver- 
aged for  eight  pressure  cycles  using  an  Ortec 
Model  4620  histogram  computer.  The  up- 
stroke of  the  sinusoidal  waveform  was  used 
to  initiate  the  analysis  of  nerve  activity,  and 
LLL  arterial  and  venous  pressures.  The 
resulting  poststimulus  time  histograms  and 
ensemble  averages  of  LLL  vascular  pres- 
sures were  plotted  using  a  Honeywell  530 
X-Y  plotter  (Fig.  3).  The  relationships  be- 
tween ramp  changes  of  pulmonary  vascular 
pressures  and  nerve  activity  were  analyzed 
in  a  similar  fashion,  but  the  Ortec  analyzer 
was  triggered  to  begin  the  analysis  man- 
ually. 

Results.  Ramp  changes  (Method  I)  of 
pulmonary  vascular  pressures  were  per- 
formed in  five  nerve  preparations  in  four 
animals.  Three  fibers  showed  an  increase  in 
frequency  of  discharge  when  LLL  venous 
pressure  was  increased  by  lobar  vein  con- 
striction but  not  when  pump  speed  was 
increased.  Increasing  pump  speed  increased 
LLL  arterial  pressure,  but  only  small 
changes  in  LLL  venous  pressure  occurred. 
One  receptor  was  located  within  the  lung 
close  to  the  hilum  by  gently  stroking  the 
surface  of  the  lung  with  an  insulated  probe. 
Inflating  the  lungs  increased  nerve  discharge 
frequency.  These  receptors,  therefore,  were 
probably  Hering-Breuer  stretch  receptors. 
The  slopes  of  the  linear  regression  lines 
(sensitivity)  for  nerve  discharge  frequency 
on  venous  pressure  were  1.15  (F  =  7.63, 
N  =  34),  1.72  (F  =  126,  N  =  168),  and 
0.510  impulses  (imp)/sec/mm  Hg  (F  =  57, 
N  =  51)  for  these  three  nerve  preparations. 
All  regressions  were  significant  (P  <  0.05) 
indicating  that  impulse  frequency  was  lin- 
early related  to  pulmonary  venous  pressure. 
Venous  pressure  ranged  from  0  to  40  mm 
Hg  and  impulse  frequency  from  0  to  90 
imp/sec. 

In  two  additional  nerve  preparations  im- 
pulse frequency  increased  both  when  LLL 
vein  was  constricted  and  when  pump  speed 
was  increased.  These  receptors  did  not  sig- 
nificantly respond  to  inflation  of  the  LLL. 
No  adaptation  of  receptor  discharge  oc- 
curred when  vascular  pressures  were  held 
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constant  for  1  min.  The  slof)es  of  the  regres- 
sion lines  of  nerve  activity  on  arterial  pres- 
sure when  pressure  was  increased  by  venous 
constriction  were  2.98  (F  =  188,  N  =  1 1 1) 
and  1.9  imp/sec/mm  Hg  (F  =  155,  N  = 
47);  the  slof)es  of  the  regression  lines  calcu- 
lated when  arterial  pressure  was  increased 
by  increasing  perfusion  pump  speed  were 
1.45  (F  =  92,  N  =  61)  and  0.59  imp/sec/ 
mmHg  (F  =  32,  N  =  45),  respectively. 
The  location  of  these  receptors  as  either 
arterial  or  venous  could  not  be  firmly  estab- 
lished using  this  method  of  [)erfusion. 

Sinusoidal  variations  of  LLL  vascular 
pressures  were  used  to  define  the  stimulus- 
response  characteristics  and  location  of 
three  pulmonary  receptors  in  three  animals. 
A  representative  response  of  nerve  activity 
during  pulsatile  perfusion  is  shown  in  Fig. 

2.  Two  frequencies  of  sinusoidal  oscillation 
are  depicted.  Note  that  no  significant 
change  in  airway  pressure  occurred.  Post- 
stimulus  time  histograms  of  data  from  this 
same  nerve  preparation  are  depicted  in  Fig. 

3.  It  should  be  noted  that  as  the  pressure 
wave  frequency  increased,  the  venous  pres- 
sure oscillation  lagged  the  arterial.  Exami- 
nation, particularly  of  the  highest  frequency 
(56  cpm),  indicates  that  cyclic  nerve  activity 


a- 


^ 


O^JJ_ 


rwr  m 


■DAAAAAAA 


Fig.  2.  Representative  changes  in  nerve  activity 
resulting  from  pulmonary  vascular  sinusoidal  pulsation. 
The  top  trace  is  pulmonary  arterial  pressure  (PAP); 
second  from  the  top,  nerve  activity;  third  from  the 
top,  pulmonary  venous  pressure  (PVP);  fourth  from 
the  top,  airway  pressure. 


Fig.  3.  Poststimulus  time  histograms  of  nerve  ac- 
tivity and  lobar  vascular  pressures  at  three  pressure 
wave  frequencies.  The  LLL  was  apneic  and  perfused 
in  the  forward  direction.  Top  traces  are  histograms  of 
pulmonary  arterial  pressure  (PAP);  middle,  nerve  ac- 
tivity (NA);  and  bottom,  pulmonary  venous  pressure 
(PVP). 

was  more  closely  related  to  the  arterial 
pressure  wave  than  the  venous  pressure 
wave.  This  was  confirmed  by  comparing 
correlation  coefficients  calculated  for  each 
pressure  wave  frequency  studied.  Correla- 
tions between  LLL  arterial  pressure  and 
nerve  activity  were  r  =  0.85  (N  =  76)  for 
16  cpm,  r  =  0.80  (N  =  38)  for  42  cpm, 
and  r  =  0.84  (N  =  22)  for  56  cpm  (all 
correlations  were  significant,  P  <  0.05). 
Correlations  between  venous  pressure  and 
nerve  activity  were  r  =  0.85  for  16  cpm,  r 
=  0.49  for  42  cpm,  and  r  =  0.43  for  56 
cpm.  The  correlation  between  arterial  pres- 
sure and  nerve  activity  remained  essentially 
the  same  as  the  pressure  wave  frequency 
increased  but,  the  correlation  between  ve- 
nous pressure  and  nerve  activity  progres- 
sively decreased.  This  receptor,  therefore,  | 
was  probably  located  in  or  near  an  intrapul- 
monary  arterial  vessel.  Another  receptor 
had  similar  response  characteristics.  Both 
did  not  respond  to  inflations  of  the  LLL 
and  slowly  adapted  to  a  constant  elevated 
arterial  pressure.  There  was  a  significant 
linear  regression  at  the  pressure  wave  fre- 
quencies studied  with  average  slopes  of  0.24 
(F  =  3.8,  N  =  136)  and  2.44  imp/sec/mm 
Hg  (F  =  126,  N  =  161)  for  these  two 
nerve  preparations.  Pulmonary  arterial 
pressure  ranged  from  0  to  45  mm  Hg,  and 
impulse  frequency  ranged  from  0  to  48  imp/ 
sec. 

Figure  4  is  an  example  of  poststimulus 
time    histograms   obtained   from    another 
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Representative  poststimulus  time  histo 
obar  arterial  pressure  (PAP),  nerve  activity 
lobar  venous  pressure  (PVP)  during  forward 
erfusion  (left)  and  retrograde  pulsatile  per- 
ht).  Records  of  nerve  activity  were  from  the 
e  preparation.  The  LLL  was  apneic  during 
iure  manipulations. 

eparation.  Cyclic  nerve  activity  oc- 
nih  retrograde  pulsatile  perfusion 
forward  pulsatile  perfusion.  This 
,  therefore,  was  located  in  or  near 
ntrapulmonary  venous  vessel.  Re- 
lilar  to  those  presented  in  Fig.  4 
lained  at  three  additional  pressure 
qjuencies  (i.e.,  15,  23,  and  34  cpm). 
ire  significant  linear  regressions  (P 
of  nerve  activity  on  venous  pressure 
ressure  wave  frequencies  studied, 
•age  slof)e  of  these  regression  lines 
imp/sec/mm  Hg  (F  =  42,  N  = 
his  receptor  did  not  significantly 
to  lung  inflation. 

sion.  Three  types  of  intrapulmo- 
eptors  have  been  extensively  stud- 
tant,  Hering-Breuer  stretch*,  and 
monary  capillary  (type  J)  receptors 
:he  present  study  several  Hering- 
tretch  receptors,  identified  by  their 
to  lung  inflation,  responded  to 
fis  in  pulmonary  venous  pressure, 
studies  have  shown  that  pulmonary 
m  (1)  and  the  cardiac  pressure 
8)  can  alter  the  discharge  pattern 
ig-Breuer  stretch  receptors.  The 
hips  between  pulmonary  vascular 
and  impulse  frequency,  however, 
t  determined.  From  results  of  the 
tudy  it  appears  that  the  relationship 


between  pulmonary  venous  pressure  and 
impulse  frequency  was  linear  over  a  wide 
range  of  vascular  pressure  for  those  recep- 
tors responsive  to  pulmonary  vascular  pres- 
sure changes. 

Five  receptors  which  did  not  respond  to 
inflation  of  the  LLL  but  did  respond  to 
elevated  pulmonary  vascular  pressure  were 
also  identified.  Because  these  receptors  did 
not  show  significant  adaptation  to  constant 
elevated  vascular  pressures,  it  is  unlikely 
that  these  receptors  were  irritant  receptors 
(7).  In  addition,  because  there  was  an  im- 
mediate increase  in  nerve  activity  upon  ele- 
vation of  lobar  vascular  pressure  and  the 
maximum  impulse  frequency  of  these  recep- 
tors was  greater  than  20  imp/sec,  it  is  un- 
likely that  these  receptors  are  type  J  recep- 
tors (7,  9).  Three  of  these  receptors  were 
studied  using  sinusoidal  oscillations  of  pul- 
monary vascular  pressures.  This  method 
took  advantage  of  the  "low-pass  filter" 
prof)erties  of  the  pulmonary  vasculature 
(10).  With  this  system  it  was  possible  to 
produce,  at  higher  oscillation  frequencies, 
arterial  and  venous  pressure  waves  which 
were  out  of  phase  with  one  another.  This 
f)ermitted  the  approximate  intrapulmonary 
localization  (i.e.,  arterial  side  or  venous 
side)  of  these  receptors.  Two  of  these  recep- 
tors responded  to  arterial  pressure  changes. 

Histologically,  afferent  nerve  endings 
were  located  in  the  walls  of  the  intrapulmo- 
nary arterial  branches  (11,  12)  and  venous 
vessels  (11).  In  the  present  study  receptors 
responding  in  a  linear  fashion  to  elevation 
of  pulmonary  arterial  pressure  were  identi- 
fied. A  receptor  which  responded  to  venous 
pressure  elevation  was  also  found.  It  ap- 
pears that  receptors  exist  within  the  lung 
which  may  be  similar  to  pulmonary  arterial 
baroreceptors  (2).  These  findings  confirm 
several  earlier  studies  (4,  5,  13)  which  iden- 
tified intrapulmonary  vascular  receptors  re- 
sponsive to  arterial  and  venous  pressure 
pulsations.  Further  studies  are  needed  to 
determine  the  role  that  these  receptors  may 
play  during  physiological  and  pathological 
alterations  of  pulmonary  vascular  pressures. 

Summary,  Intrapulmonary  neural  recep- 
tors responding  to  pulmonary  vascular  pres- 
sure changes  were  studied.  Intrapulmonary 
receptors  which  could  not  be  classified  as 
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irritant,  Hering-Breuer,  or  Type  J  were 
identified  electrophysiologically.  These  re- 
ceptors increased  impulse  frequency  in  a 
linear  fashion  with  elevations  of  pulmonary 
vascular  pressure.  Receptors  which  re- 
sponded to  elevation  of  pulmonary  arterial 
pressure  and  receptors  responding  to  eleva- 
tion of  pulmonary  venous  pressure  were 
identified.  In  addition,  several  Hering- 
Breuer  stretch  receptors  which  responded 
in  a  linear  fashion  to  elevated  pulmonary 
venous  pressure  were  found.  We  conclude 
that  elevation  of  pulmonary  pressure  can 
increase  nerve  impulse  frequency  from  Her- 
ing-Breuer stretch  receptors  and  from  bar- 
oreceptors  located  in  the  intrapulmonary 
vasculature.  Stimulation  of  these  receptors 
may  play  a  role  in  the  reflex  alterations  of 
respiration  during  cardiac  failure. 
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rapy  has  been  adopted  as  a  non- 
atment  for  mild  hyperbilirubine- 
lan  newborns  since  it  results  in 
rum  bilirubin  levels.  We  have 
^d  that  this  therapy  may  result 
1  deficiency  in  the  neonate  with- 
6-phosphate  dehydrogenase  (G- 
iency  (1).  Riboflavin  deficiency 
ined  by  measurement  of  eryth- 
ithione  reductase  (EGR)  activ- 
e  adenine  dinucleotide  (FAD)- 
enzyme.  Subjects  with  G-6-PD 
lave  significantly  elevated  EGR 
cyte  FAD  levels  (2-4).  FAD  is 
to  light  than  riboflavin  (5).  We 
whether  G-6-PD  deficiency 
ml  the  decrease  in  EGR  activity 
ith  hyperbilirubinemia  undergo- 
erapy. 

2nd  methods.  The  study  group 
I  five  black  neonates  with  G-6- 
cy  who  developed  moderate  hy- 
emia.  Four  of  these  infants  were 

ria  for  phototherapy  were  either 
of  jaundice  associated  with  pre- 
serum  bilirubin  above  10  mg/dl 
il  direct  bilirubin)  before  72  hr 

erm  infant  was  fed  Similac  for- 
/e  20  calories/oz.  Two  of  the 
received  Similac  60/40  at  the 
c  concentration.  The  remaining 
received  intravenous  fluids 
the  duration  of  this  study  (Nos. 
Table  I).  None  of  the  infants 
tamin  supplements  during  the 
1. 


tigation  was  supported  (in  part)  by  Gen- 
Support   Grant   RR-05398   from   the 
irch  Support  Branch,  Division  of  Re- 
xs.  National  Institutes  of  Health. 


The  undressed  infants  with  shielded  eyes 
were  in  open  cribs  or  isolettes  with  a  bank 
of  eight  Westinghouse  blue  fluorescent 
lamps  (F20T12B)  of  20  W  each,  56  cm 
from  the  skin  surface.  A  Plexiglas  shield 
over  the  bulbs  protected  them  from  ultravi- 
olet irradiation.  Lamps  were  changed  every 
200  hr. 

Serum  bilirubins  were  determined  from 
venous  blood  by  the  method  of  Malloy  and 
Evelyn  (6). 

The  dye  decolorization  test  of  Motulsky 
and  associates  as  described  by  Dacie  and 
Lewis  (7)  was  used  for  the  initial  screening 
for  G-6-PD  deficiency.  Quantitative  assays 
for  erythrocyte  G-6-PD  were  performed  by 
the  method  of  Zinkham  (8).  Values  below 
120  units/ 100  ml  of  RBC  for  female  neo- 
nates and  below  100  units/100  ml  of  RBC 
for  male  neonates  indicate  deficiency  of  this 
enzyme. 

Erythrocyte  glutathione  reductase  was 
determined  by  a  modification  of  the  method 
of  Glatzle  et  al.  which  has  been  described 
in  detail  (9).  The  activity  coefficient  (AC) 
is  a  measure  of  the  degree  of  saturation  of 
the  enzyme  with  the  coenzyme.  Normal  AC 
values  for  neonates  range  from  0.9  to  1.2 
(9). 

The  results  of  these  studies  were  com- 
pared to  those  of  the  21  infants  with  mod- 
erate hyperbilirubinemia  and  without  G-6- 
PD  deficiency  who  underwent  continuous 
phototherapy  described  in  detail  previously 
(1).  The  two  studies  were  run  concurrently. 

Results.  The  sex,  birth  weight,  age  at 
initiation  of  light  therapy,  duration  of  light 
therapy,  quantitative  G-6-PD  values,  and 
serum  bilirubin  and  AC  values  before  and 
after  phototherapy  are  given  in  Table  I. 

The  G-6-PD  levels  of  the  erythrocytes 
obtained  prior  to  phototherapy  ranged  from 
21  to  73  units/100  ml  of  erythrocytes,  well 
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TABLE  I.  Data  for  Neonates  wtth  G-6-PD  Deficiency  before  and  after  Phototherapy. 


Initial  values 

Duration  of 

Posttherapy  values 

Birth 

Age  at  light 

G-6-PD 

light  ther- 

weight 
(g) 

therapy 

(units/ 100 

Bilirubin 

apy 

Bilirubin 

Infant 

Sex 

(hr) 

mlofRBC) 

(mg/dl) 

AC 

1.0 

(hr) 
48 

(mg/dl)          AC 

1 

F 

2990 

62 

46 

12.3 

9.0             1.0 

2 

F 

2410 

65 

21 

14.5 

— 

90 

7.5             0.95 

3 

M 

1420 

18 

30 

6.0 

1.0 

120 

7.0             0.95 

4 

F 

1900 

30 

28 

9.5 

0.9 

72 

5.5             0.95 

5 

M 

1585 

40 

73 

8.0 

1.0 

52 

8.0             1.0 

below  the  lower  limits  of  normalcy  for  both 
males  and  females. 

The  initial  and  final  AC  values  were  all 
within  the  normal  range  of  0.9  to  1.2.  In 
the  case  of  infant  No.  2  where  no  initial 
AC  value  was  obtained,  the  value  of  0.95 
after  phototherapy  signified  that  no  bio- 
chemical evidence  of  riboflavin  deficiency 
occurred  during  the  90  hr  of  continuous 
exposure  to  light.  The  duration  of  photo- 
therapy for  the  five  infants  ranged  from  48 
to  120  hr. 

In  our  previous  study  of  icteric  neonates 
without  G-6-PD  deficiency,  15  of  16  infants 
undergoing  phototherapy  for  48  hr  or  more 
developed  AC  values  of  1.3  to  2.0,  indica- 
tive of  riboflavin  deficiency  (1).  The  differ- 
ence between  the  AC  values  in  that  study 
and  those  of  the  five  neonates  with  G-6-PD 
deficiency  reported  here  is  highly  significant 
(P  <  0.001  by  the  Fisher  exact  test). 

Discussion.  The  neonate  is  particularly 
susceptible  to  destruction  of  its  blood  ribo- 
flavin during  phototherapy  because  of  the 
relatively  high  levels  of  free  riboflavin.  It  is 
this  that  creates  the  vulnerability  since  free 
riboflavin  is  considerably  more  sensitive  to 
light  than  FAD  (5).  In  the  maternal  plasma, 
FAD  constitutes  the  major  portion  of  total 
riboflavin.  However,  FAD  does  not  pass 
across  the  placental  barrier  but  is  degraded 
by  placental  enzymes  to  free  riboflavin 
which  is  secreted  into  the  fetal  blood.  About 
60%  of  total  fetal  plasma  riboflavin  is  free 
riboflavin  (10). 

As  previously  shown,  neonates  with  nor- 
mal levels  of  erythrocyte  G-6-PD  subjected 
to  phototherapy  for  periods  over  48  hr 
developed  riboflavin  deficiency.  The  defi- 
ciency was  measured  by  the  decrease  in 
saturation  of  EGR  as  determined  by  ele- 
vated AC  values  (1).  The  decrease  in  satu- 
ration of  the  apoenzyme  with  FAD  coen- 


zyme is  a  sensitive  indicator  of  riboflavin 
deficiency  in  man  (11). 

That  the  EGR  pathway  is  closely  con- 
nected to  the  G-6-PD  activity  of  the  eryth- 
rocyte is  shown  in  the  following  equations: 

glucose-6-P04  +  NADP^        G-6-PD 

6-phosphogluconolactone  +  NADPH  +  H^ 

GSSG  (oxidized  glutathione)  -»- 

NADPH  +  H^        EGR-FAp 

2GSH  (reduced  glutathione)  +  NADP* 

Neonates  with  erythrocyte  G-6-PD  defi- 
ciency have  a  reduced  ability  to  make 
NADPH.  However,  their  EGR-FAD  levels 
are  elevated,  apparently  as  a  compensatory 
mechanism  to  produce  reduced  glutathione 
in  the  presence  of  low  levels  of  NADPH 
(2,  3).  It  was  postulated  that  erythrocytes 
of  G-6-PD-deficient  subjects  have  an  en- 
hanced uptake  of  the  free  riboflavin  which 
is  then  converted  to  FAD  (4).  As  a  result, 
the  blood  of  the  G-6-PD-deficient  neonate 
has  a  higher  FAD  content  in  the  erythro- 
cytes and  lower  free  riboflavin  in  the 
plasma.  This  relationship  and  the  greater 
stability  of  FAD  to  light  may  explain  the 
absence  of  riboflavin  deficiency  in  the  five 
neonates  with  G-6-PD  deficiency  undergo- 
ing phototherapy  in  the  study  described  in 
this  paper. 

Studies  in  this  paper  and  those  by  Meloni 
et  al.  (12)  have  demonstrated  that  continu- 
ous phototherapy  of  G-6-PD-deficient  in- 
fants up  to  120  hr  resulted  in  no  increase  in 
serum  bilirubin  levels.  Where  the  line  be- 
tween beneficial  and  harmful  effects  of  pho- 
totherapy is  in  these  neonates  remains  to 
be  determined. 

Summary.  Five  neonates  with  moderate 
hyperbilirubinemia  and  G-6-PD  deficiency 
underwent  phototherapy  for  periods  of  48 
to  120  hr.  No  biochemical  evidence  of  ribo- 
flavin  deficiency   resulted.   This   contrasts 
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vith  evidence  of  riboflavin  deficiency  ob- 
-erved  in  15  of  16  infants  with  moderate 
lyperbilirubinemia  but  no  G-6-PD  defi- 
liency  who  were  exposed  to  light  for  periods 
)f  48  hr  or  longer.  The  elevated  FAD  levels 
)f  the  erythrocyte  of  the  G-6-PD-deficient 
nfants  may  have  protected  them  from  the 
ight-induced  vitamin  deficiency. 
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Introduction.  In  addition  to  its  role  as  the 
major  fluoride  excretory  organ,  the  kidney 
appears  to  be  one  of  the  first  organs  to 
show  changes  in  function  following  acute 
exposure  to  high  doses  of  fluoride.  This 
may  not  be  due  to  any  particular  sensitivity 
on  the  part  of  the  kidney  (1)  but,  rather,  to 
the  locally  high  fluoride  concentrations 
which  are  established  during  urine  forma- 
tion (2). 

Many  studies  on  the  acute  renal  toxicity 
of  fluoride  have  used  the  single,  high-dose 
technique  and  the  time  course  of  toxicity 
has  generally  not  been  followed  beyond  a 
few  hours  (3,  4).  There  are,  however,  re- 
ports which  suggest  that  acute  fluoride  ex- 
posure may  produce  prolonged  renal  dys- 
function. Gottlieb  and  Grant  (5)  noted  a 
strongly  alkaline  urine  which  persisted  for  1 
week  after  a  single  iv  dose  of  fluoride. 
Taylor  et  al.  (6)  noted  increased  urine  out- 
put and  protein  excretion  and  decreased 
urine  specific  gravity  and  sugar  excretion 
for  several  days  after  iv  administration  of 
near-lethal  doses  of  fluoride.  Other  studies 
(7,  8)  have  described  a  chronic  renal  con- 
centrating defect  which  may,  in  rare  cases, 
persist  for  months  following  methoxyflurane 
anesthesia.  There  is  considerable  evidence 
to  suggest  that  the  immediate  concentrating 
defect  seen  after  methoxyflurane  anesthesia 
is  due  to  elevated  body  fluid  fluoride  con- 
centrations (2,  9-11)  which  are  derived 
from  the  biotransformation  of  the  anesthetic 
molecule  (12).  These  elevated  fluoride  con- 
centrations, as  well  as  the  renal  concentrat- 
ing ability,  usually  return  to  normal  within 
a  week.  The  chronic  concentrating  defect 
has  not  been  linked  to  a  residual  fluoride 
effect  but  this  possibility  cannot  be  dis- 
counted. 

The  present  report  examines  the  relation- 
ships between  declining  body  fluid  fluoride 
concentrations  and  renal  tissue  solute  con- 
centrations, urinary  osmolality,  glomerular 
filtration  rate,  and  the  excretion  rates  of 


sodium,  potassium,  and  chloride. 

Methods.  Experiment  1.  Female,  170-  to 
200-g  rats  of  the  F-344  strain  were  anesthe- 
tized with  sodium  pentobarbital,  40  mg/kg, 
ip.  Surgical  preparation  consisted  of  bilat- 
eral cut-downs  over  the  femoral  veins.  One 
vein  was  used  for  the  constant  infusion  of 
the  sustaining  infusion  at  25  /Ltl/min.  The 
other  vein  was  used  for  the  hydroxymethyl 
[**C]inulin  prime  injection  (0.13  fiCi  in 
0.20  ml  of  isotonic  saline).  Sustaining  infu- 
sions consisted  of  145  mAf  sodium  and 
varying  concentrations  of  chloride  and  fluo- 
ride. For  the  F{Oy  (saline  control)  groups, 
the  sustaining  chloride  concentration  was 
145  mAf;  for  the  F(125)  group  the  sustain- 
ing chloride  and  fluoride  concentrations 
were  140  and  5  mAf,  respectively;  for  the 
F(250)  groups  these  concentrations  were 
135  and  10  mAf,  respectively.  All  infusates 
contained  tracer  hydroxymethyl  ["C]inulin. 
After  starting  the  sustaining  infusion  and 
administering  the  [**C]inulin  prime  dose,  a 
0.5-hr  equilibration  period  was  allowed. 
Three  0.5-hr  clearance  periods  were  taken 
and  the  infusions  were  then  stopped.  No 
other  infusions  were  subsequently  given  to 
any  group.  Urine  and  plasma  samples  were 
collected  as  previously  described  (2). 

Three  F(0)  and  three  F(250)  rats  were 
sacrificed  at  the  end  of  the  third  0.5-hr 
urine  collection  period.  Following  closure 
of  the  incisions,  all  other  rats  were  returned 
to  their  cages.  Three  F(0)  and  three  F(250) 
rats  were  brought  to  the  laboratory  3  hr 
later.  Two  more  0.5-hr  urine  collections 
were  made  before  sacrifice.  At  22.5  hr  after 
stopping  the  infusion,  three  F(0)  and  three 
F(250)  rats  were  similarly  studied,  except 
that  three  0.5-hr  urine  collections  were 
taken.  At  39  hr  after  stopping  the  infusion, 
four  F(0),  three  F(125),  and  three  F(250) 

*  The  fluoride  infusion  rate  is  denoted  by  F(jr), 
where  x  is  the  number  of  nanomoles  of  fluoride  ion 
infused  per  minute. 
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vere  similarly  studied.  A  single,  termi- 
lood  sample  was  collected  from  each 
>r  plasma  fluoride  analysis.  Upon  sac- 
,  the  kidneys  were  rapidly  removed, 
med  into  cortex  and  inner  medulla, 
>repared  for  analysis  as  previously  de- 
5d  (2). 

jium  and  potassium  were  determined 
amephotometry,  chloride  by  electro- 
c  titration,  osmolality  by  freezing  point 
(ssion,  and  fluoride  with  the  ion-spe- 
^lectrode  following  HMDS  diffusion  as 
ously  described  (2).  Hydroxymethyl 
nulin  was  determined  by  liquid  scintil- 
1  counting.  All  data  are  presented  as 
leans  ±  SEM.  Statistical  analyses  for 
ences  between  the  means  of  the  fluo- 
nfused  and  control  groups  were  done 
Student's/  test,  two-tailed,  unpaired, 
significance  level  was  set  at  P  <  0.01. 
oeriment  2.  The  results  of  Experiment 
gested  the  possibility  that  the  glomer- 
filtration  rates  of  the  f(125)  and 
))  groups  continued  to  be  depressed 
after  plasma  fluoride  concentrations 
eturned  to  control  levels.  This  experi- 
was  designed  to  test  that  possibility, 
rats  of  the  same  strain,  sex,  and  body 
It  were  prepared  for  study  as  described 
:periment  1 .  Three  rats  were  assigned 
ch  of  the  fluoride  infusion  rate  groups 
,  F(125),  and  F(250)].  The  animals 
primed  with  [*^C]inulin  and  infused  as 
ibed  previously.  Following  three  0.5- 
earance  periods,  all  rats  received  a 
ide-free  isotonic  saline  infusion  con- 
ig  ["C]inulin  for  3.5  hr.  During  the 
lOur  of  this  infusion,  plasma  and  urine 
les  were  taken  for  two  more  clearance 
minations.  All  rats  were  then  returned 
eir  cages.  Twenty-two  hours  later,  the 
kvere  again  anesthetized,  primed  with 
Inulin,  and  infused  with  isotonic  saline 
lining  ["C]inulin  at  25  /xl/min.  FoUow- 
0.5-hr  equilibration  period,  three  0.5- 
earance  periods  were  completed.  In 
experiment,  only  the  clearance  of 
inulin  was  studied. 

\ults.  Experiment  1.  Figure  1  presents 
from  the  three  0.5-hr  clearance  periods 
I  during  the  initial  infusion.  The  top 
3r  each  infusion  rate  group  is  the  mean 
for  the  first  0.5-hr  period.  The  middle 
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Fig.  1.  Urine  flow  rates  (V),  urine  osmolalities, 
and  renal  tissue  sodium  concentrations  during  the 
fluoride  infusion  period  of  Experiment  1 .  Top,  middle, 
and  bottom  bars  are  data  (means  ±  SEM)  from  the 
first,  second,  and  third  clearance  periods,  respectively. 
Numbers  in  the  bars  indicate  the  observations.  Aster- 
isks indicate  P  <  0.01  compared  to  the  F(0)  group. 

and  bottom  bars  are  for  the  second  and 
third  0.5-hr  periods,  respectively.  Each  flu- 
oride group  showed  a  modest  but  not  statis- 
tically significant  increase  in  urine  flow  rate 
(V)  compared  to  the  F(0)  control  group. 
Urine  osmolalities  for  the  F(0)  group 
tended  to  increase  slightly  with  time,  while 
those  of  the  fluoride  groups  showed  dose- 
related  decreases.  The  reductions  were  sta- 
tistically significant  in  the  F(250)  group.  At 
the  end  of  the  initial  infusion  period,  the 
mean  renal  inner  medullary  sodium  concen- 
trations for  the  F(0)  and  F(250)  groups 
were  238  ±  10  and  94  ±  1  mAf,  respec- 
tively. The  corresponding  renal  cortical  so- 
dium concentrations  showed  no  difference 
at  77  ±  2  and  75  ±  1  mAf.  Cortical  and 
inner  medullary  chloride  concentrations 
paralleled  those  of  the  sodium  concentra- 
tions. These  data  indicate  that  the  concen- 
trating defect  was  established  during  the 
brief  fluoride  exposure. 

Figure  2  shows  the  excretion  rates  of  the 
major  endogenous  solutes,  sodium,  potas- 
sium, and  chloride.  The  top  bar  for  each 
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infusion  rate  group  is  the  mean  for  the 
three  O.S-hr  collections  during  the  initial 
infusion.  The  second,  third,  and  fourth  bars 
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Fig.  2.  Excretion  rates  of  sodium,  potassium,  and 
chloride  for  each  infusion  rate  group  during  the  fluo- 
ride infusion  period  (top  bars)  and  up  to  40  hr  (bottom 
bars)  after  stopping  the  fluoride  infusion  in  Experiment 
1 .  The  second  and  third  bars  of  the  F(0)  and  F(250) 
groups  represent  data  obtained  at  4  and  24  hr  after 
stopping  the  fluoride  infusion,  respectively.  Means  ± 
SEM;  N  given  in  bars.  Asterisks  indicate  P  <  0.01 
compared  to  the  F(0)  group. 


for  the  F(0)  and  F(250)  groups  are  the 
mean  values  observed  for  the  collections 
taken  at  approximately  4,  24,  and  40  hr 
after  stopping  the  infusion,  respectively. 
The  bottom  bar  for  the  F(125)  group  rep- 
resents data  obtained  40  h  after  stopping 
the  initial  infusion  (there  were  no  4-  or  24- 
hr  collections  for  this  group). 

The  data  in  Fig.  2  show  generally  de- 
pressed solute  excretion  rates  in  the  F(125) 
and  F(250)  groups  for  each  observation 
period.  This  depression  was  greater  for  so- 
dium and  chloride  than  for  potassium.  The 
reductions  in  sodium  and  chloride  excretion 
attained  statistical  significance  for  the 
F(250)  group  even  at  40  hr  after  stopping 
the  initial  infusion.  Urine  flow  rates  of  the 
fluoride  groups  at  4,  24,  and  40  hr  were 
not  statistically  different  from  those  of  the 
saline-infused  control  group. 

Glomerular  filtration  rates  observed  dur- 
ing the  initial  infusion  are  shown  in  Table  1. 
These  rates  were  depressed  in  the  fluoride 
groups  in  a  dose-response  manner. 

Figure  3  shows  the  time  course  of  inner 
medullary  sodium  concentrations,  urinary 
osmolalities,  and  plasma  fluoride  concentra- 
tions. The  large  decrease  in  inner  medullary 
sodium  concentration  of  the  F(250)  group 
present  at  the  end  of  the  initial  infusion 
showed  only  a  slight  recovery  4  hr  later 
even  though  the  mean  plasma  fluoride  con- 
centration had  fallen  from  211  to  51  fiM. 
Subsequently,  there  was  a  progressive  re- 
turn of  inner  medullary  sodium  concentra- 


TABLE  I.  Experiments  1  and  2.  Time  Courses  of  Glomerular  Filtration  Rates  (Microliters  per 

Minute). 


Experiment  1 

Experiment  2 

Clearance 
period 

Fluoride  infusion  rate 

group 

Hours  after 
F"  infusion 

Fluoride  infusion  rate 

group 

F(Or 

f(125) 

F(250) 

F(0) 

F(125) 

F(250) 

1 

1282* 
±46 
13 

1124* 

±22 
3 

944* 

±55 
11 

0*^ 

1196 

±72 
9 

1045 

±99 

9 

872* 
±63 
8 

2 

1300 

±77 

12 

999* 

±53 
3 

780* 
±104 
12 

3 

1157 

±62 

6 

930* 
±35 
6 

677* 
±38 
6 

3 

1260 

±77 

13 

795* 
±66 
3 

645* 

±62 

11 

24 

1243 

±91 

9 

919* 
±58 
8 

598* 
±72 
9 

"  F(x)  =  fluoride  infusion  rate  in  nanomoles  per  minute. 

*  Mean,  SEM,  N. 

<^  During  fluoride  infusion . 

♦  Significantly  different  from  F(0)  group  at  P  <  0.01 . 
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Fig.  3.  Time  course  of  renal  inner  medullary  so- 
lum concentration,  urine  osmolality,  and  plasma  flu- 
ide  concentration  relative  to  the  period  of  fluoride 
fusion  (0  time  on  the  graph).  Asterisks  indicate  P  < 

01  compared  to  the  F(0)  group. 

on  to  control  levels  which,  at  40  hr  after 
uoride  exposure,  remained  slightly  lower 
P  >  0.1)  than  that  of  the  control  group, 
or  the  F(125)  group,  inner  medullary  so- 
lum concentration  was  determined  only  at 
3  hr  and  this  value  was  not  significantly 
ifferent  from  that  of  the  control  group, 
lualitatively  similar  results  were  observed 
>r  the  time  course  of  urine  osmolality.  The 
lasma  fluoride  concentrations  of  the  F{0) 
roup  were  approximately  2  fiM  throughout 
le  experiment.  All  plasma,  renal  cortical 
id  inner  medullary  fluoride  levels  for  the 
(250)  group  are  shown  in  Table  II.  At  40 
r  for  the  F(125)  group,  these  values  were 
.2  ±  0.5,  42  ±  3,  and  127  ±  37  fiM, 
jspectively.  Although  renal  tissue  fluoride 
3ncentrations  of  the  F{0)  group  were  not 
etermined  in  this  experiment,  the  40-hr 
jncentrations  for  the  fluoride  groups  were 
ithin  the  range  found  for  stock  rats  which 
ad  received  no  anesthesia  or  infusions  (cor- 
jx  =  36  ±  9  /xAf ,  inner  medulla  =  94  ± 

2  fiM;  unpublished  data). 


Experiment  2.  Table  I  presents  the  glo- 
merular filtration  rate  time  course.  During 
the  fluoride  infusion  period,  the  values  were 
similar  to  those  observed  in  Experiment  1 
(Table  I).  During  the  3rd  and  24th  hr  after 
stopping  the  fluoride  infusion,  glomerular 
filtration  rates  were  further  reduced  in  the 
F(125)  and  F(250)  groups.  Compared  to 
the  control  group  and  at  24  hr  after  the 
infusion,  the  reductions  were  26  and  52% 
for  the  F(125)  and  F{250)  groups,  respec- 
tively. The  data  given  above  and  in  Table 
II  suggest  that  the  renal  tissue  and  plasma 
fluoride  concentrations  at  this  time  were 
approximately  the  same  in  each  group. 

Discussion.  Two  previous  studies  have 
investigated  the  influence  of  acutely  ele- 
vated body  fluid  fluoride  concentrations  on 
the  immediate  changes  in  the  urinary  con- 
centrating abilities  of  rats  (2)  and  dogs  (13). 
These  studies  reported  qualitatively  similar 
results  which  included  increased  urine  flow 
rates,  either  a  decrease  or  no  change  in  the 
excretion  rates  of  sodium,  potassium,  and 
chloride,  and  decreases  in  urinary  osmolal- 
ity, glomerular  filtration  rate,  free  water 
reabsorption,  and  inner  medullary  sodium 
concentrations.  The  fluoride-induced  reduc- 
tion in  inner  medullary  solute  concentration 
was  viewed  as  the  most  probable  primary 
event  to  account  for  the  other  features  of 
the  concentrating  defect  (2).  Both  reports 
suggested  increased  vasa  recta  blood  flow 

TABLE  II.  Experiment  1.  Time  Course  of 

Plasma  and  Renal  Tissue  Fluoride 

Concentrations  (Micromolar)  for  the  f(250) 

Group. 


Hours 

after 

infusion 

Plasma 

Cortex 

Medulla 

0 

211" 

381 

784 

±26 

±14 

±42 

10 

3 

3 

4 

51 

152 

525 

±10 

±24 

±180 

3 

3 

3 

24 

3.4 

78 

93 

±0.2 

±24 

- 

3 

3 

1 

40 

2.6 

55 

109 

±0.3 

±8 

±13 

3 

3 

3 

"  Mean,  SEM,  N.  Renal  tissue  concentrations  ex- 
pressed in  terms  of  tissue  water. 
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and  subsequent  medullary  solute  washout 
as  an  underlying  mechanism. 

The  current  studies  support  the  above 
findings  and,  further,  demonstrate  that  the 
depression  of  renal  function  persists  for 
many  hours  after  plasma  fluoride  concentra- 
tions have  returned  to  control  levels.  During 
the  brief  exposure  to  fluoride,  urine  flow 
rates  were  elevated,  although  not  with  sta- 
tistical significance,  and  urinary  osmolalities 
and  inner  medullary  sodium  concentrations 
were  reduced  (Fig.  1).  These  major  indica- 
tors show  that  the  acute  fluoride-induced 
concentrating  defect  was  established  during 
the  2-hr  fluoride  infusion  period.  Further, 
glomerular  filtration  rates  were  reduced  in 
a  dose-  and  time-related  manner  (Table  I), 
while  the  excretion  rates  of  the  major  en- 
dogenous solutes  were  variably  reduced 
(Fig.  2,  top  bars).  The  changes  in  solute 
excretion  can,  in  large  part,  be  accounted 
for  by  changes  in  glomerular  filtration,  as 
has  been  reported  (2). 

The  persisting  effects  of  acute  fluoride 
exposure  are  shown  in  Figs.  2  and  3  and 
Table  I.  In  spite  of  the  rapidly  declining 
plasma  fluoride  levels,  the  reduced  inner 
medullary  sodium  (and  chloride)  concentra- 
tions and  urinary  osmolalities  in  the  F(250) 
group  showed  essentially  no  change  at  4  hr 
and  the  solute  excretion  rates  were  de- 
pressed relative  to  the  F{0)  group.  At  24 
and  40  hr  after  the  fluoride  infusion,  the 
inner  medullary  sodium  concentrations  and 
urinary  osmolalities  of  the  fluoride  groups 
remained  lower  than  those  of  the  F(0) 
group,  although  the  differences  were  not 
statistically  significant,  and  the  solute  excre- 
tion rates  remained  generally  depressed. 

The  glomerular  filtration  rates  of  the 
F(125)  and  F(250)  groups  did  not  recover 
but,  in  fact,  continued  to  decline  for  at 
least  24  hr  after  the  fluoride  infusion  (Table 
I).  The  data  in  Table  II  indicate  that  these 
several  persisting  effects  were  not  related 
to  continuously  elevated  plasma  or  renal 
tissue  fluoride  concentrations. 

The  failure  of  inner  medullary  solute  con- 
centrations, solute  excretion,  and  urinary 
osmolality  to  recover  in  proportion  to  de- 
cHning  plasma  and  renal  tissue  fluoride  con- 
centrations may  be  related  to  continuously 
depressed  glomerular  filtration  rates.  As 
discussed  elsewhere  (2),  the  generation  of  a 


hypertonic  inner  medullary  interstitium  is 
dependent  on  the  delivery  of  an  adequate 
solute  load  to  the  ascending  limb  of  the 
loop  of  Henle,  among  other  factors.  How- 
ever, the  initial  decrease  in  medullary  solute 
concentration  need  not  be  related  to  de- 
creased glomerular  filtration  rate  (2). 

The  mechanism  whereby  fluoride  de- 
presses glomerular  filtration  rate  remains 
unknown.  A  preliminary  report  (14)  de- 
scribed up  to  50%  reductions  in  rat  glomer- 
ular filtration  rate,  while  simultaneously  de- 
termined systemic  arterial  blood  pressure, 
renal  blood  flow  and  para-aminohippuric 
acid  extraction  showed  insignificant  changes. 
The  possibilities  of  a  fluoride-induced 
chronic  alteration  in  the  permeability  char- 
acteristics of  glomeruli  and/or  the  distribu- 
tion of  intrarenal  blood  flow  must,  there- 
fore, be  considered. 

Summary.  The  changes  in  rat  renal  func- 
tion produced  by  acute  exposed  to  graded 
doses  of  fluoride  were  measured  over  2 
days.  During  the  2-hr  iv  infusion,  urine 
flow  rate  increased  moderately  in  the  fluo- 
ride groups,  while  urinary  osmolality,  inner 
medullary  sodium  and  chloride  concentra- 
tions, glomerular  filtration  rate,  and  the 
excretion  rates  of  sodium,  chloride,  and 
potassium  decreased  in  a  dose-response 
manner.  Four  hours  after  terminating  the 
fluoride  infusion,  plasma  fluoride  concen- 
trations had  fallen  75%  (peak  value,  211 
fiM).  This  decline  was  not  accompanied  by 
recovery  in  either  urinary  osmolality  or 
medullary  sodium  and  chloride  concentra- 
tions, while  at  24  and  40  hr,  these  values 
showed  a  gradual  return  toward  control 
values.  Solute  excretion  rates,  especially  of 
sodium  and  chloride,  were  depressed  even 
at  40  hr.  Glomerular  filtration  rate  contin- 
ued to  fall  throughout  the  first  day  after 
stopping  the  fluoride  infusion.  These  results 
suggest  that  the  delayed  recovery  in  urinary 
osmolaHty  and  medullary  solute  concentra- 
tions, as  well  as  the  continued  depression  in 
solute  excretion,  are  related  to  the  pro- 
longed fluoride-induced  decrease  in  glomer- 
ular filtration  rate. 

This  work  was  presented  in  preliminary  form  at  the 
American  Association  of  Dental  Research  Annual 
Meeting,  New  York,  New  York,  1975,  and  was  sup- 
ported in  part  by  NIDR  Grant  DE-04332. 
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Radiosensitivity  of  the  Human  Parotid  Gland  (39988) 

I.  L.  SHANNON,'  J.  N.  TRODAHL,  and  E.  N.  STARCKE 
Oral  Disease  Research  Laboratory,  V.A.  Hospital  and  University  of  Texas  Dental  Branch,  Houston,  Texas  \ 


The  severe  xerostomia  generally  associ- 
ated with  cancerocidal  levels  of  radiother- 
apy administered  to  head  and  neck  malig- 
nancy patients  makes  oral  health  mainte- 
nance exceedingly  difficult.  Meticulous  oral 
hygiene  and  vigorous  fluoride  therapy  are 
essential  in  protecting  the  teeth  from  ramp- 
ant dental  caries  (1-5)  and  a  saliva  substi- 
tute can  be  very  helpful  in  overcoming  the 
soft  tissue  problems  that  accompany  the 
xerostomia  (6). 

These  troublesome  intraoral  problems  re- 
sult from  the  depression  of  salivary  gland 
function  by  the  irradiation  (7-11).  We  have 
previously  reported  (12)  that  the  rate  of 
unstimulated  whole  saliva  flow  decreases 
progressively  during  radiotherapy  to  the 
point  that,  after  6  weeks,  only  5%  of  the 
original  flow  remains.  It  has  been  suggested 
that  the  parotid  is  more  radiosensitive  than 
the  other  salivary  glands  (13-16)  and  sali- 
vary gland  extirpation  experiments  (17) 
have  indicated  that  the  level  of  caries  devel- 
oped is  in  direct  proportion  to  the  amount 
of  serous  glandular  tissue  removed.  There 
is  thus  the  indication  that  the  rate  of  func- 
tion of  the  parotid  gland  may  be  of  critical 
importance  in  preserving  the  teeth  of  the 
irradiated  patient. 

The  present  study  evaluates  the  resting 
parotid  flow  rate  response  in  patients  receiv- 
ing radiotherapy  involving  the  salivary 
glands. 

Materials  and  methods.  Patients  were 
seven  white  males  ranging  in  age  from  42 
to  71  years,  with  primary  malignant  lesions 
in  the  head  and  neck  area.  Lesions  were 
located  in  either  the  base  of  the  tongue,  the 
soft  palate,  the  hard  palate,  or  the  retromo- 
lar  trigone.  The  fields  were  such  that  the 
parotid  glands  were  totally  within  the  beam. 
Prior  to  the   initiation   of  radiotherapy  a 

'  Send  reprint  requests  to  Dr.  Ira  L.  Shannon,  Oral 
Disease  Research  Laboratory,  Veterans  Administra- 
tion Hospital,  2002  Holcombe  Blvd.,  Houston,  Texas 

77211. 


series  of  parotid  saliva  samples  was 
lected  to  establish  baseline  values.  Sam 
was  undertaken  at  about  7:30  am  wit 
patients  fasting.  Patients  were  seated 
fortably  in  a  semi-isolated  area  and  c 
neous  interferences  were  not  allowed 
patient  was  instructed  not  to  engaj 
conversation  and  to  reduce  oral  excui 
to  a  minimum.  Every  effort  was  ma( 
collect,  as  nearly  as  possible,  the  true  n 
secretion  of  the  parotid  gland.  A  vac 
maintained  sampling  device  (18)  was 
tioned  over  the  orifice  of  the  parotid 
with  an  absolute  minimum  of  manipul 
and  the  patient  sat  quietly  over  a  peri 
0.5  hr.  Accumulating  parotid  saliva 
collected  in  a  graduated  tube  and  a  rs 
flow  was  expressed  in  milliliters  per  mi 
The  device  was  drained  thoroughly 
each  sampling  to  assure  that  any  < 
within  its  confines  would  be  harvested. 

The  first  day's  collection  for  each  pi 
was  considered  a  familiarization  proa 
and  no  data  were  recorded.  Three  prei 
ment  control  samples  were  subsequ 
collected  from  each  of  five  of  the  pai 
and  two  were  obtained  from  each  o 
remaining  two  patients.  In  each  inst; 
the  last  baseline  sample  was  coUecte 
the  morning  of  and  just  prior  to  the 
treatment.  Irradiation  was  administers 
parallel  opposed  fields  from  a  coba 
source  and  was  given  at  a  daily  dose 
of  225  rads,  customarily  on  a  Mo 
through  Thursday  schedule  each  week 
tempts  to  coUedt  saliva  continued  thrc 
out  the  first  4  weeks  of  therapy  and 
rates  were  recorded  for  any  period  in  \ 
flow  was  noted. 

Results  and  discussion.  Resting  flow 
responses  are  outlined  in  Table  I.  The 
treatment  flow  rate  mean  (19  samples 
seven  subjects)  was  0.045  ml/min  (S 
0.023).  This  is  an  acceptable  baseline  f 
since  in  previous  work  (19)  with  over 
healthy  young  adult  males  we  found  a 
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TABLE  I.  Resting  Parotid  Flow  Rate  Responses  to  Radiotherapy. 
Resting  parotid  flow  rate  (ml/min) 


Pretreatment 

Number  of  treatn 

lents  (225  rads) 

iti- 

N umber  of 

samples 

Mean 

SD 

1 

2 

3 

0.057 

0.006 

0.030 

0 

3 

0.073 

0.028 

0.040 

0 

3 

0.040 

0.013 

0.010 

.005 

2 

0.030 

0.000 

0.001 

0 

2 

0.070 

0.014 

0.060 

0 

3 

0.012 

0.004 

0.005 

0 

3 

0.032 

0.003 

0.012 

0 

5an  value  of  0.040  ml/min  (SD  = 

morning  after  the  first  radiother- 
lent  (approximately  24  hr  after 
reatment)  the  parotid  flow  rate 
decreased  to  0.023  ml/min  (SD 
This  virtually  50%  reduction  in 
w  resulted  from  the  administra- 
y  225  rads.  At  the  next  sampling 
4  hr  later  (24  hr  after  radiother- 
ent  No.  2),  there  was  no  trace  of 
(  of  the  seven  patients.  In  the 
tient  a  total  of  0.15  ml  of  saliva 
ted  in  the  30-min  period;  rate  of 
thus  only  0.005  ml/min  for  this 
[lere  was  no  quantifiable  flow  in 
^se  patients  after  this  time.  On 
he  inner  surface  of  the  metal 
::ap  might  appear  damp,  but  not 
rop  of  saliva  was  present, 
ough  resting  flow  from  the  pa- 
virtually  ceased  in  these  patients, 
induce  immediate  complaints  as- 
ith  intraoral  dryness.  Clinically, 
appeared  somewhat  thickened 
ut  it  was  evident  that  extraparotid 
tained  the  ability  to  maintain  a 
adequate  degree  of  moisture  in 
.  This  supports  previous  work  on 
>ution  of  the  parotids  to  whole 
ime.  Gore  (20)  found  that  the 
rovided  slightly  more  than  50% 
•le  saliva  output  when  exogenous 
were  not  employed.  Schneyer 
(21)  noted  a  26%  contribution 
as  at  a  very  low  state  of  stimula- 
-a  et  al.  (22)  studied  two  subjects 
I  that  the  parotids  contributed 
e  resting  saliva  flow.  In  71  sub- 
>rs  (23)  found  that  the  subman- 


dibular glands  contribute  more  than  three 
times  as  much  resting  flow  as  do  the  pa- 
rotids. Kerr  (24)  also  found  that,  under 
resting  conditions,  the  submandibular 
glands  secrete  at  a  rate  about  three  times 
that  of  the  parotids.  Shannon  (25)  has  re- 
ported data  from  63  healthy  young  adult 
males  indicating  that  the  parotid  glands  con- 
tribute an  average  of  32.9%  to  the  total 
resting  salivary  flow.  In  general,  these  ob- 
servations support  the  clinical  finding  that 
extraparotid  saliva  sources  are  adequate  to 
maintain  a  wet  state  in  the  mouth  even 
when  resting  parotid  flow  has  been  obliter- 
ated. 

The  results  of  this  study  support  the 
widely  held  concept  that  a  marked  depres- 
sion in  salivary  flow  results  when  the  sali- 
vary glands  are  exposed  to  radiation.  It 
provides  additional  information,  however, 
in  that  the  flow  rate  contribution  of  the 
parotid  gland  to  whole  saliva  flow  is  almost 
completely  eliminated  after  only  two  irra- 
diation treatments  of  225  rads  each.  Our 
previous  work  with  whole  saliva  indicated  a 
60%  loss  in  flow  after  1  full  week  of  treat- 
ment and  steadily  decreasing  residual  flow 
rates  of  29,  24,  19,  9,  and  5%,  after  2,  3, 
4,  5,  and  6  weeks  of  treatment,  respectively 
(12).  It  is  apparent  that  most  of  the  oral 
fluid  being  produced  in  postradiotherapy 
patients  is  derived  from  mucous  glandular 
components  and  that  the  parotid  contribu- 
tion is  negligible. 

It  has  been  known  for  many  years  that 
salivary  gland  changes  transpire  within  a 
short  time  following  irradiation.  It  was 
pointed  out  in  1911  (26)  that  swelling  oc- 
curs within  a  few  hours,  and  in  1912  Cere- 
sole  (27)  observed  that  this  swelling  began 
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after  about  S  hr  and  peaked  at  about  10  hr 
after  treatment.  Kashima  et  al.  (28)  studied 
surgical  specimens  from  22  patients  that 
had  been  irradiated.  Ten  irradiated  parotid 
glands  were  examined  microscopically  and 
all  exhibited  acute  inflammatory  and  degen- 
erative changes.  The  discrete  outlines  of 
the  acini  were  barely  discernible  and  the 
serous  cells  had  large  irregular  basilar  vacu- 
oles that  seemed  to  rupture  cells  and  cleave 
them  free  from  the  basement  membrane. 
Fourteen  submandibular  glands  were  simi- 
larly examined  and  the  serous  acini  showed 
all  of  the  degenerative  changes  described 
for  the  parotid  glands.  In  sharp  contrast, 
little  if  any  discernible  microscopic  change 
was  present  in  mucous  cells.  It  was  con- 
cluded that  the  primary  damage  from  irra- 
diation was  in  the  serous  cells,  that  this 
brings  about  the  release  of  amylase  to  pro- 
duce the  characteristically  observed  hypera- 
mylasemia,  and  that  this  degeneration 
brings  about  the  marked  inflammatory  cell 
infiltration  found  in  these  glands.  It  was 
also  noted  that  prompt  and  near-total  ces- 
sation of  salivary  gland  secretion  occurred 
early  in  the  postirradiation  period.  Silver- 
man and  Chierici  (13)  and  Rubin  and  Doku 
(16)  also  staled  that  serous  acini  are  more 
sensitive  to  irradiation  than  mucous-produc- 
ing components,  but  no  supporting  data 
were  provided. 

Eneroth  et  al,  (14)  collected  resting  pa- 
rotid saliva  from  the  eight  glands  of  four 
patients  undergoing  radiotherapy.  The 
mean  rate  of  flow  decreased  from  57  mg/ 
min  (SD  =  85)  to  12  mg/min  (SD  =  22) 
after  administration  of  550-700  rads.  For  a 
group  of  1 1  parotid  glands  they  found  that 
the  flow  fell  to  less  than  60  mg  (1  drop)  per 
10-min  collection  period  after  a  550-  to 
700-rad  dose.  Four  other  glands  required 
1000-4200  rads  to  reach  this  low  level  of 
function.  They  also  reported  that  in  seven 
parotid  glands  the  flow  was  practically  extin- 
guished by  this  550-  to  700-rad  dose,  while 
three  others  required  a  much  higher  dosage. 
This  same  group  of  investigators  (15)  re- 
ported resting  parotid  flow  rate  responses 
for  four  additional  patients  receiving  200 
rads  per  day.  For  three  of  the  four  patients, 
the  flow  rate  fell  to  less  than  60  mg/10  min 


after  600  rads.  The  fourth  patient  required 
2600  rads  to  reach  this  low  level. 

It  is  thus  clear  that  the  human  parotid 
gland  is  exquisitely  sensitive  to  radiation 
and  that  the  response  is  rapid  and  virtually 
complete.  A  single  dose  of  225  rads  reduced 
the  rate  of  resting  parotid  flow  by  one-half 
and  a  second  dose  of  the  same  magnitude 
induced  the  virtual  elimination  of  the  re- 
maining flow.  It  is  evident  that  these 
changes  are  not  rapidly  reversible  since 
these  collections  were  made  24  hr  after  the 
radiation  was  administered.  This  depriva- 
tion of  flow  from  serous  elements  explains 
the  ropy,  sticky,  viscous  nature  of  the  resid- 
ual oral  fluid  that  is  generally  seen  in  these 
patients. 

A  further  complicating  consideration  is 
that,  if  animal  caries  studies  can  be  extrap- 
olated to  the  human,  this  serous  deprivation 
may  specifically  accelerate  caries  develop- 
ment. Cheyne  (17)  removed  salivary  glands 
selectively  from  rats  and  placed  the  animals 
on  cariogenic  or  control  diets.  The  operated 
animals  with  totally  removed  serous  com- 
ponents showed  a  very  high  incidence  of 
caries.  Removing  other  combinations  of 
glands  produced  an  increased  level  of  caries 
but  it  was  much  less  marked.  It  was  con- 
cluded that  the  animals  developed  caries  in 
direct  proportion  to  the  amount  of  serous 
gland  elements  that  was  removed. 

Summary,  Resting  parotid  flow  rate  re- 
sponse to  irradiation  was  evaluated  in  seven 
patients.  The  mean  for  pretreatment  flow 
was  0.045  ml/min  (SD  =  0.023).  Twenty- 
four  hours  after  the  first  treatment  (225 
rads)  this  mean  had  decreased  to  0.023  ml/ 
min  (SD  =  0.022),  and  after  the  second 
treatment  the  mean  was  only  0.001  ml/min 
(SD  =  0.002).  Six  of  the  seven  patients 
exhibited  no  flow  at  all  after  450  rads  ad- 
ministered over  2  days,  and  the  seventh 
flowed  at  a  rate  of  only  0.005  ml/min. 
There  was  no  detectable  resting  parotid 
flow  from  these  patients  after  this  time. 
These  results  confirm  that  the  human  pa- 
rotid gland  is  highly  sensitive  to  irradiation 
and  suggest  that  virtually  all  of  the  oral 
fluid  generated  by  the  irradiated  patient, 
even  very  early  in  the  course  of  treatment, 
originates  in  glands  other  than  the  parotid. 
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It  is  well  established  that  Ca^*^  ions  effect 
both  motility  and  fertilizing  capacity  in 
mammalian  spermatozoa  (1-3).  However, 
it  is  apparently  not  known  if  these  two 
aspects  of  sperm  cell  function  have  similar 
Ca^"^  concentration  requirements.  Such  a 
correspondence  might  be  anticipated  if  max- 
imum sperm  motility  was  necessary  for  fer- 
tilization. Regarding  this  possibility,  Yana- 
gimachi  (4)  has  described  the  motility  of  in 
vitro  capacitated  epididymal  hamster  sper- 
matozoa as  "extraordinarily  active."  On  the 
other  hand,  Overstreet  and  Cooper  (5)  re- 
port that  there  is  a  marked  reduction  in 
motility  among  rabbit  sperm  in  the  isthmus 
of  the  oviduct. 

Data  are  presented  in  this  report  concern- 
ing the  effect  of  Ca^"*^  ions  on  motility  and 
fertilizing  ability  of  cauda  epididymal  rat 
spermatozoa  in  a  chemically  defined  me- 
dium. While  sperm  motility  is  ordinarily 
appraised  by  subjective  means,  in  the  pres- 
ent study  it  was  preferable  to  use  a  quanti- 
tative index  of  motility.  For  this  purpose,  a 
previously  described  (6)  measure  of  sperm 
motility  has  been  employed  that  relies  on 
the  turbulence  generated  in  a  suspension  of 
highly  motile  spermatozoa. 

Materials  and  methods.  Sprague-Dawley 
rats  from  Charles  River  Breeding  Labora- 
tory were  used  in  these  experiments.  Sperm 
cells  and  eggs  were  obtained  and  incubated 
in  a  manner  similar  to  that  described  previ- 
ously (6,  7).  The  incubation  medium,  mod- 
ified Krebs- Ringer  bicarbonate,  was  pre- 
pared to  contain  between  0  and  6.8  mA/ 
Ca^"^.  The  incubations  were  conducted  in  a 
humidified  atmosphere  of  5%  CO2  and 
95%airat37^ 

An  index  of  high  sperm  motility  during 
incubation  was  provided  by  the  number  of 
turbulence  swirls  forming  at  the  edge  of  a 
0.1-ml  suspension,  which  was  covered  with 
paraffin  oil  and  contained  3x10*  sperma- 
tozoa (6).  The  sperm  cells  had  been  ob- 
tained by  sectioning  a  tubule  in  the  cauda 


epididymis  of  a  mature  rat  (body  weight, 
500  g).  Sperm  fertilizing  ability  was  esti- 
mated from  the  number  of  fertilized  eggs 
obtained  after  incubation  for  13  to  14  hr 
with  cauda  epididymal  rat  spermatozoa. 
The  eggs  were  removed  from  the  medium 
with  a  fine  glass  pipet,  stained  with  0.25% 
lacmoid,  and  examined  under  a  phase-con- 
trast microscope  (x250).  Eggs  were  judged 
to  be  fertilized  when  they  showed  pronu- 
cleus formation  and  a  fertilizing  sperm  tail. 

Results.  Figure  1  indicates  that  cauda 
epididymal  spermatozoa  failed  to  generate 
turbulence  swirls  when  incubated  in  Krebs- 
Ringer  bicarbonate  medium  lacking  Ca^'^. 
This  reveals  that  the  cation  is  required  for 
vigorous  motility  by  rat  sperm  cells.  An 
adverse  effect  on  motility  was  also  observed 
at  Ca^"^  concentrations  higher  than  1.7  mAf. 
In  medium  with  3.4  mA/  Ca*"*"  there  was 
vigorous  motility  for  about  2  hr,  however, 
turbulence  declined  rapidly  and  was  not 
apparent  after  4.5  hr.  Both  the  maximal 
intensity  and  duration  of  turbulence  in 
sperm  suspensions  with  5.1  mAf  Ca^"^  were 
markedly  reduced.  Medium  having  1.7  mAf 
Ca^"^  maintained  sufficiently  high  sperm  mo- 
tility to  permit  some  turbulence  in  the  sus- 
pension for  at  least  15  hr.  It  should  be 
noted  that  sperm  motility  could  be  observed 
in  these  suspensions  for  several  hours  after 
they  had  ceased  to  show  turbulence. 

Sperm  fertilizing  capacity  was  sensitive  to 
Ca^"^  levels  in  the  medium  (Fig.  2).  At  Ca*^ 
concentrations  of  2.6  and  3.4  mAf  the  re- 
spective fertilization  rates  were  83%  (44/ 
53)  and  91%  (59/65).  In  medium  contain- 
ing 1.7  and  6.8  mA/  Ca^^  the  rates  of 
fertilization  were  31%  (17/55)  and  13% 
(3/23),  respectively.  At  6.8  mA/  Ca^^  the 
medium  had  a  slightly  cloudy  appearance, 
indicating  that  saturation  had  been  reached. 

Discussion.  These  results  show  that  motil- 
ity and  fertilization  by  epididymal  rat  sper- 
matozoa differ  in  their  dependence  on  Ca*^ 
ions.  Evidently  the  maximization  of  spemn 
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s  not  necessary  for  fertilization  in 
ies.  It  should  be  noted,  however, 
conclusion  is  based  on  estimates  of 
n  the  whole  sperm  population,  and 
livable  that  sperm  cells  responsible 
zation  actually  had  higher  motility 
data  indicate. 
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associates  (8)  which  suggest  that 
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jrm  between  a  coverslip  and  glass 
a  period  of  minutes.  Guinea  pig 
zoa  usually  require  12  to  18  hr  of 
»n  under  the  conditions  used  in  this 


study  before  they  undergo  the  acrosome 
reaction  and  express  fertilizing  ability  (8, 
9).  Fusion  between  the  plasmalemma  and 
outer  acrosomal  membrane,  which  is  the 
basis  of  the  mammalian  acrosome  reaction 
(10),  is  evidently  the  only  impediment  to 
fertilization  by  noncapacitated  sperm  cells. 
Other  changes  that  might  be  associated  with 
prolonged  incubation,  such  as  changes  in 
respiration  and  motility,  apparently  have 
only  secondary  significance. 

There  is  good  agreement  between  the 
fertilization  rate  data  in  Fig.  2  and  the 
results  presented  by  Miyamoto  and  Ishi- 
bashi  (3).  However,  the  comparison  is  lim- 
ited since  media  with  Ca^^  concentrations 
between  1.71  and  5.13  mM  were  not  ex- 
amined in  the  latter  investigation.  From  the 
incidence  of  the  acrosome  reaction  among 
guinea  pig  sperm  after  4  hr  of  incubation 
(11),  medium  with  3  mM  Ca^"*^  is  twice  as 
effective  as  that  with  only  1  mM  Ca^"^  for 
promoting  this  process.  The  occurrence  of 
a  similar  dependence  on  Ca^"^  ions  in  rat 
spermatozoa  would  apparently  account  for 
the  present  results,  which  show  that  rat 
sperm  cells  display  high  fertilizing  capacity 
at  2.6  and  3.4  mM  Ca^^.  On  the  other 
hand,  the  reported  differences  in  fertiliza- 
tion rate  could  also  reflect  Ca^^  effects  on 
rat  ova.  The  present  observations  serve  to 
indicate,  however,  that  the  optimization  of 
sperm  motility  may  not  be  mandatory  for 
fertilization. 

Summary,  Motility  and  the  expression  of 
fertilizing  ability  by  cauda  epididymal  rat 
spermatozoa,  incubated  in  a  chemically  de- 
fined medium,  were  demonstrated  to  differ 
in  their  dependence  on  Ca^^  ions.  Motility 
was  optimal  at  1 .7  mM  Ca^^,  whereas  fertil- 
ization rates  were  significantly  higher  at  2.6 
and  3.4  mM  Ca^"^.  These  results  are  inter- 
preted as  indicating  that  sperm  motility  may 
not  have  to  be  maximized  for  fertilization 
to  occur. 
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iderstanding  of  the  mechanisms  in- 
n  the  absorption  of  different  forms 
ury  by  the  gastrointestinal  tract  is 
3te,  although  significant  progress 
1  made  for  inorganic  mercury  (1). 
1  and  Cross  (2)  and  Cikrt  (3,  4) 
the  uptake  of  inorganic  mercury  by 
il  and  ileal  intestinal  everted  gut 
hagian  et  al.  (S,  6)  examined  the 
In  isolated  strips  of  intestinal  seg- 
nd  in  perfused  everted  intestinal 
d  Cikrt  (7)  studied  the  absorption 
anic  mercury  from  ligated  intestinal 
s  in  the  rat.  General  conclusions 
the  uptake  of  inorganic  mercury  by 
ntestine  exhibits  the  characteristics 
sive  transport  mechanism  and  that, 
1  only  a  small  percentage  is  ab- 
the  duodenal  and  ileal  sections  are 
nal  sites  of  absorption.  Methylmer- 
►wever,  is  readily  absorbed  (8-10), 
jrption  sites  have  not  been  deter- 

ts  of  our  attempts  to  kinetically  an- 
;rcury  transport  in  the  rat  suggested 
hylmercury  was  absorbed  from  two 
e  large  gastrointestinal  compart- 
he  stomach  appeared  to  be  a  major 
bsorption  (unpublished  data).  Con- 
y,  this  study  was  conducted  to  de- 
the  major  sites  of  methylmercury 
on  in  the  rat  gastrointestinal  tract 
compare  the  sites  of  organic  and 
c  mercury  absorption. 
lals  and  methods.  Fifty  mature  male 
-Dawley  rats  averaging  430  g  were 
y  assigned  to  10  experimental 
nd  anesthetized  with  metofane  after 
light  fast.  The  peritoneal  cavity  was 
y  exposed  and  the  intestine  was 
'  ligated  to  form  three  8-  to  10-cm 
1   segments,   a   stomach   compart- 

rch  sponsored  by  the  U.S.  Energy  Research 
opment  Administration  under  Contract  No. 
)5-0242  with  the  University  of  Tennessee. 


ment,  and  a  small  intestinal  segment  for 
bile  collection.  Ligatures  were  placed  at  the 
pyloric-duodenal  junction;  approximately 
4,  14,  30  to  40,  and  40  to  50  cm  distal  to 
the  pyloris;  and  approximately  2  and  12  cm 
proximal  to  the  ileocecal  junction.  Before 
the  second  ligature  on  the  segment  to  be 
dosed  was  closed,  a  needle  was  inserted 
into  the  lumen  which  passed  through  the 
ligature  and  into  the  segment.  The  isotope 
was  injected  after  the  ligature  was  secured. 
The  incision  was  closed  with  wound  clips 
and  the  animals  were  allowed  to  recover 
from  the  anesthetic  under  heat  lamps. 

Half  of  the  rats  were  each  dosed  with  5 
/xCi  of  methylmercury  chloride  (CH3- 
2<>3HgCl,  2.5  mCi/mg)  either  in  the  stomach, 
duodenal  segment,  jejunal  segment,  ileal 
segment,  or  intravenously;  and  the  other 
half  were  similarly  injected  with  20  /xCi  of 
2«3HgCl2  (3.9  mCi/mg).  The  mercury  com- 
pounds, dissolved  in  0.5  M  HCl, 
were  diluted  about  1:500  with  physiological 
saline  and  0.5  ml  was  injected  into  each 
segment.  Doses  were  administered  intrave- 
nously by  tail  vein  and  by  gavage  to  the 
stomach  after  completion  of  surgery.  One 
milliliter  of  blood  was  collected  at  1,2,  and 
4  hr  after  dosing.  After  4  hr  the  rats  were 
anesthetized  and  decapitated,  and  tissues 
were  collected  for  analysis.  The  length  of 
gastrointestinal  segments  was  also  mea- 
sured. 

Blood,  liver,  kidneys,  stomach,  and  intes- 
tinal segments  were  counted  in  a  deep-well 
automatic  gamma  spectrophotometer;  the 
remaining  carcass  of  each  rat  was  counted 
in  a  large-volume  tissue  counter  containing 
two  3  X  3-in.  Nal  crystals  connected  to  a 
Packard  pulse  height  analyzer  and  scaler. 
Total  absorption  was  determined  from  the 
activity  in  blood,  liver,  kidneys,  and  carcass, 
and  total  endogenous  mercury  reappearing 
in  the  gastrointestinal  tract  was  determined 
from  the  activity  in  the  nondosed  segments. 
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Analysis  of  variance  was  applied  to  the 
data,  and  differences  between  means  were 
determined  by  Student-Newman-KeuPs 
multiple-range  test. 

Results.  The  concentration  (%  dose/ml) 
of  mercury  in  the  blood  1,2,  and  4  hr  after 
dosing  with  methylmercury  (CHg^^^HgCl) 
or  inorganic  mercury  (^^^HgCU)  is  shown  in 
Table  I.  As  expected,  blood  concentrations 
of  methylmercury  were  greater  {P  <  0.01) 
than  those  of  inorganic  mercury  for  all  dos- 
ing methods.  One-  and  two-hour  methyl- 
mercury blood  concentrations  of  rats  dosed 
in  different  gastrointestinal  segments  were 
not  different,  but  the  blood  concentration 
of  methylmercury  at  4  hr  was  slightly  higher 
{P  <  0.05)  from  rats  dosed  in  the  duodenal 
segment  (the  segment  of  greatest  absorp- 
tion). There  was  no  correlation  between 
segment  absorption  and  blood  concentra- 
tions of  inorganic  mercury. 

Total  absorption,  GI  retention,  and  ex- 
cretion of  endogenous  mercury  into  the 
gastrointestinal  tract  are  shown  in  Table  II. 
The  duodenal  segment  absorbed  over  80% 
of  a  local  methylmercury  dose,  greater  (P 
<  0.01)  than  any  other  segment.  Nearly 
60%  of  a  local  methylmercury  dose  was 
absorbed  from  the  stomach,  not  statistically 
different  from  the  ileal  segment.  Absorption 
from  the  jejunum  was  35%,  less  {P  <  0.01) 
than  any  other  segment.  Gastrointestinal 
retention  was  inversely  proportional  to  ab- 
sorption. Significant  differences  in  absorp- 
tion of  inorganic  mercury  between  gastroin- 


testinal segments  were  not  detectable. 

Total  endogenous  excretion  of  methyl- 
mercury into  the  gastrointestinal  tract  was 
proportional  to  absorption,  but  excretion  as 
a  percentage  of  dose  was  significantly  less 
(P  <  0.01)  when  the  dose  was  administered 
in  the  jejunal  segment.  However,  when  the 
data  were  expressed  as  a  percentage  of  the 
absorbed  dose  rather  than  as  a  percentage 
of  the  total  dose,  no  differences  were  seen 
in  excretion  between  sites  of  absorption. 

Table  III  lists  the  endogenous  excretion 
of  mercury  into  the  intestinal  segments  after 
intravenous  injections  of  methylmercury 
chloride  or  mercury  chloride.  More  (P  < 
0.01)  of  both  forms  of  mercury  was  excreted 
into  the  first  duodenal  segment  (which  con- 
tained all  bile  excreted  during  the  experi- 
ment) per  unit  length  than  any  other  seg- 
ment. This  was  presumably  due  primarily 
to  bile  excretion.  Significant  amounts  of 
mercury  were  also  excreted  into  other  intes- 
tinal segments;  the  duodenal  segment  was 
the  optimal  site  for  intestinal  excretion.  In 
contrast  to  mercury  absorption  from  the 
intestine,  mercury  excretion  by  intestinal 
tissue  was  the  same  for  both  forms  of  mer- 
cury per  unit  length,  and  the  excretion  of 
mercury  in  bile  from  inorganic  mercury  was 
greater  {P  <  0.05)  than  that  of  methylmer- 
cury. 

Discussion.  Methylmercury  was  readily 
absorbed  from  all  segments  of  the  gastroin- 
testinal tract  in  the  following  pattern:  duo- 
denum  >  stomach   =   ileum   >  jejunum. 


TABLE  I.  The  Concentration  of  ^^^Hg  (CHs^^HgCl  and  ^^^HgQa)  in  the  Blood  1,  2,  and  4  hr 
Following  Intravenous  Injections  and  Injections  into  Ligated  Segments  of  the  Gastrointestinal 

Tract  (%  DosE/g  ±  SE). 


Segment 

Ihr 

2hr 

4hr 

Methylmercury 

iv 

5.10  ±0.36'» 

4.57  ±  0.48« 

4.05  ±  0.70« 

Stomach 

0.61  ±  O.OS** 

1.08  ±0.13" 

1.25  ±0.11" 

Duodenum 

0.41  ±  0.04»» 

0.98  ±  0.06" 

2.10  ±0.04*^ 

Jejunum 

0.47  ±  0.06«> 

0.82  ±0.12" 

0.91  ±0.11" 

Ileum 

0.42  ±  0.08»» 

0.86  ±  0.18" 

1.22  ±0.34" 

Mercury  chloride 

iv 

1.90  ±0.11« 

1.40  ±0.05- 

1.16  ±0.06* 

Stomach 

0.014  ±  0.006" 

0.012  ±  0.007" 

0.019  ±  0.009»» 

Duodenum 

0.011  ±  O.OOS** 

0.018  ±  0.006" 

0.019  ±  0.006" 

Jejunum 

0.006  ±  o.ooa** 

0.012  ±  0.005" 

0.025  ±  0.014" 

Ileum 

0.014  ±  0.007" 

0.014  ±  0.006" 

0.013  ±  0.005" 

*  Mean  ±  SE.  Means  with  the  same  subscript  in  the  same  vertical  row  are  not  different  at  the  5%  level  of 
significance. 
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LE    II.    GASntOINTESTINAL  RETENTION,  ABSORPTION,  AND  ENDOGENOUS  EXCRETION  OF  MeRCURY 

AFTER  Injections  of  Methylmercury  or  Mercury  Chloride  into  Ligated  Segments. 


dose 


GI  retention 
(%  dose) 


Absorption" 
(%  dose) 


Total  endogenous  excretion^ 


%  Dose 


%  Absorbed 


ch 

35.9  ±  2.4* 

:num 

15.8  ±  l.l** 

im 

58.4  ±  3.8* 

31.9  ±3.2*^ 

ch 

91.1  ±2.2<= 

mum 

90.0  ±  1.1* 

iro 

90.7  ±  1.1* 

95.6  ±  2.4« 

Methylmercury 
58.6  ±  2.0*^ 
83.1  ±  2.3** 
34.8  ±  3.0* 
54.6  ±  6.4<= 

Mercury  chloride 
3.66  ±  1.18« 
2.33  ±  0.66<= 
2.00  ±  0.89* 
1.91  ±0.93'= 


3.60  ±  0.28« 
4.65  ±  0.22« 
2.18  ±  0.25** 
3.34  ±  0.30* 


0.314  ±  0.138* 
0.218  ±  0.046* 
0.134  ±  0.041* 
0.197  ±  0.060* 


6.14  ±  0.96* 
5.60  ±0.42* 
6.26  ±  1.44* 
6.12  ±  1.10* 

8.85  ±  2.46* 
10.64  ±  3.05* 

9.92  ±  2.63* 
10.98  ±  3.68* 


f  activity  in  blood,  liver,  kidneys,  and  carcass, 
activity  in  all  nondosed  gastrointestinal  segments. 
±  SE.  Means  with  the  same  subscript  in  the  same  vertical  row  are  not  different  at  the  5%  level  of 


VBLE  III.  Endogenous  Excretion  of  Mercury  into  the  Gastrointestinal  Tissue  after 
Intravenous  Injections  of  Eh-her  Methylmercury  or  Mercury  Chloride. 


Methylmercury 


Mercury  chloride 


ent 


%  Dose/cm 


%  Dose/g 


%  Dose/cm 


%  Dose/g 


(bile) 


0.081  ±  0.008'' 
0.036  ±  O.OOS'* 
0.023  ±  0.002'* 
0.025  ±  0.005'* 


0.248  ±  0.027« 

0.444  ±  o.oir> 

0.340  ±  0.025« 
0.283  ±  0.015* 
0.121  ±  0.020* 
0.171  ±  0.015* 


0.169  ±  0.024- 
0.078  ±  O.OIS** 
0.029  ±  0.002* 
0.042  ±  0.006* 


0.613  ±  0.990« 
1.410  ±0.230*' 
0.520  ±  0.041- 
0.661  ±  0.082* 
0.191  ±  0.017* 
0.321  ±  0.038'> 


±  SE.  Means  with  the  same  subscript  in  the  same  vertical  row  are  not  different  at  the  5%  level  of 


:  mercury  was  not  readily  ab- 
fid  no  significant  difference  existed 
segments. 

;nificance  of  the  high  absorption  of 
jrcury  from  the  stomach  is  difficult 
ite,  since  the  surface  area  of  the 
may  differ  from  that  of  intestinal 
and  the  emptying  time  of  methyl- 
from  the  stomach  may  be  very 
he  normal  animal.  Methylmercury 
lal  diet  is  probably  protein  bound 
er  than  ionic  and  may  not  be  as 
>sorbed  from  the  stomach  until  the 
lave  been  digested.  Thus  the  resi- 
le of  the  readily  absorbable  form 
(mercury  could  reduce  absorption 
omach.  It  is  apparent,  however, 
ibsorption  of  methylmercury  from 
ich  is  likely  to  contribute  a  sizable 
f  total  methylmercury  absorption, 
ttern  of  metal  absorption  from  the 
stinal  tract  differs  for  various  ele- 


ments and  even  for  different  chemical  forms 
of  the  same  element.  This  study  demon- 
strates that,  unlike  methylmercury,  inor- 
ganic mercury  was  not  readily  absorbed 
from  the  stomach  or  other  intestinal  seg- 
ments. Thus  methylmercury  was  absorbed 
more  readily  from  all  segments  of  the  gas- 
trointestinal tract  studied,  a  relationship 
which  has  been  observed  many  times  in 
whole  animal  studies  (8-10).  Whanger  et 
al.  (11)  found  that  inorganic  and  organic 
selenium  were  absorbed  equally  from  the 
gastrointestinal  tract  and  that  essentially  no 
selenium  was  absorbed  from  the  stomach. 
Among  other  metals  studied  only  copper  is 
readily  absorbed  from  the  stomach  (12). 

The  major  route  of  mercury  excretion  is 
via  the  feces,  and  both  methylmercury  (13, 
14)  and  inorganic  mercury  (15)  are  excreted 
in  the  bile.  Autoradiographic  studies  by 
Berlin  and  Ullberg  (16)  have  also  shown  an 
accumulation  of  intravenously  injected  mer- 
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curie  chloride  in  the  mucosa  of  the  entire 
intestinal  tract.  Our  data  indicate  that  both 
methylmercury  and  inorganic  mercury  are 
excreted  by  intestinal  tissue  as  well  as  in 
bile. 

Summary.  The  ligated  segment  technique 
was  used  to  compare  the  gastrointestinal 
absorption  of  methylmercury  and  mercury 
chloride  in  the  rat.  Methylmercury  was 
more  readily  absorbed  (15-35  times 
greater,  depending  on  the  absorption  site) 
than  inorganic  mercury  from  all  ligated  seg- 
ments. The  relative  order  of  methylmercury 
absorption  from  ligated  segments  was  as 
follows:  duodenum  >  stomach  =  ileum  > 
jejunum.  Differences  in  absorption  of  inor- 
ganic mercury  between  gastrointestinal  seg- 
ments were  not  observed.  Endogenous  ex- 
cretion of  both  forms  of  mercury  into  intes- 
tinal tissue  were  equal.  Our  data  indicate 
that  the  absorption  of  methylmercury  from 
the  stomach  is  significant  relative  to  other 
parts  of  the  gastrointestinal  tract  and  that 
the  stomach  must  be  considered  a  major 
site  of  absorption . 
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ztion.  The  recirculation  of  lym- 
from  blood  to  lymph  has  been 
in  all  mammalian  species  investi- 
2).  While  the  major  pathways  of 
te  circulatory  patterns  have  been 
I  mice,  rats,  and  sheep,  only  pre- 
lata  are  available  regarding  lym- 
ecirculation  in  man  (3-5).  One 
r  this  difficulty  has  been  the  lack 
)isotopic  label  useful  in  humans, 
ymphocyte  recirculation  studies 
d  extensively  on  radiolabeling  of 
tes  with    [**Cr]sodium   chromate 

6,  7).  Unfortunately,  this  label 
^nt  deficiencies  which  make  it  less 
nan.  *'Cr  is  a  low-energy  y  photon 
nly  9%  of  its  energy  being  emitted 
makes  **Cr  less  suitable  for  exter- 
ing  by  a  y  camera  or  rectilinear 
Because  of  its  relatively  weak  y 
.  high  doses  of  **Cr  would  have  to 
1  labeling  lymphocytes  for  use  in 
:anning.  The  use  of  high-dose  **Cr 
tion  with  its  half-life  of  27.8  days 
•ose  subjects  to  unnecessarily  high 
Tadiation  (300  /xCi  of  ^'Cr  results 
1  dose  of  10  rads  and  a  total  body 
.12  rads).  In  our  hands,  doses  of 
e  range  of  100  /xCi/lO®  lympho- 
It  in  a  loss  of  40-50%  of  the  cells. 
n,  **Cr  does  not  label  lymphocytes 

and  any  migration  studies  may 
reflect  the  circulatory  properties 
cyte  populations  (6,8).  For  these 
^e  investigated  other  radioisotopes 
'or  lymphoid  cells.  Our  choice  of 
is  based  on  the  work  of  McAfee 
ir(9,  10),  Thakure/fl/.  (11),  and 
'.  (12),  who  labeled  polymorpho- 
ukocytes  with  "Mndium  for  use  in 
abscesses. 

^  Animals,  Balb/c  mice,  6-10 
age,  were  purchased  from  a  com- 

ed  in  part  by  NIH  Grant  CA  1642603^nd 
-lospital  Trust  Fund. 


mercial  supplier  (Cumberland  View  Farms, 
Clinton,  Tenn.).  Male  Lewis  rats  (150-250 
g)  were  obtained  from  Microbiological  As- 
sociates (Walkersville,  Md.)  and  splenec- 
tomized  at  the  time  of  thoracic  duct  cannu- 
lation. 

Lymphocytes,  Balb/c  thymus  was  used  as 
a  source  of  T  cells.  B  cells  were  obtained 
from  the  lymph  node  and  spleen  of  Balb/c 
nude  mice  from  our  own  colony.  Rat  tho- 
racic duct  lymphocytes  were  obtained  by 
cannulation  of  the  thoracic  duct  using  the 
method  of  Bollman era/.  (13).  Macrophages 
were  obtained  from  the  peritoneum  or 
spleen  by  the  adherence  of  these  cell  sus- 
pensions to  glass.  One  hundred  million 
spleen  or  peritoneal  exudate  cells  were 
placed  in  glass  petri  dishes  in  minimal  essen- 
tial medium  (MEM)  with  10%  fetal  calf 
serum  (FCS)  and  allowed  to  incubate  at  37** 
for  30  min.  The  supernatant  was  discarded 
and  adherent  cells  were  removed  with  a 
silicone  rubber  policeman.  This  procedure 
was  repeated  and  macrophage  purity  was 
found  to  be  >95%  by  morphologic  criteria. 

Radioisotopes,  "*Indium  chloride  ("*InCl) 
was  obtained  from  Medi-Physics,  Inc. 
(Emeryville,  Calif.).  It  has  a  half-life  of  67 
hr  and  emits  y  photons  at  173  keV  (89%) 
and  247  keV  (93%).  **Cr  (as  sodium  chro- 
mate) was  obtained  from  New  England  Nu- 
clear (Boston,  Mass.).  It  has  a  half-life  of 
27.8  days  and  emits  a  single  y  photon  at 
320  keV  (9%). 

The  preparation  of  ^^Hndium-oxine  com- 
plex. The  method  of  Thakur  et  al.  was  used 
(11).  Briefly,  3  mCi  of  *"InCl  at  pH  1-3 
was  added  to  an  equal  volume  of  sterile 
distilled  water  followed  by  200  /xl  of  0.3  A/ 
acetate  buffer,  pH  5.  One  hundred  and 
fifty  micrograms  of  8-hydroxyquinoline  (ox- 
ine;  Sigma  Chemical  Co.,  St.  Louis,  Mo.) 
was  dissolved  in  absolute  ethanol  (Commer- 
cial Solvents  Corporation,  Terra  Haute, 
Ind.)  and  added  to  the  mixture.  The  tube 
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was  mixed  well  and  allowed  to  stand  at 
room  temperature  for  15  min.  An  equal 
volume  of  chloroform  (Baker  Chemical 
Company,  Phillipsburg,  N.J.)  was  then 
added.  The  solution  was  mixed  and  allowed 
to  stand  at  room  temperature  for  10  min. 
The  water  layer  was  discarded  and  the  chlo- 
roform evaporated  in  a  boiling  water  bath. 
The  remaining  "Mndium-oxine  chelate  was 
dissolved  in  100  /xl  of  absolute  ethanol  and 
diluted  to  500  fi\  with  normal  saline  prior 
to  use.  In  all  preparations  of  the  "Mndium- 
oxine  complex,  excess  oxine  was  added  to 
saturate  any  cadmium  impurities.  Under 
these  conditions,  approximately  75-85%  of 
the  original  y  activity  of  the  "4nCI  is  ex- 
tracted as  the  chelated  "Mndium-oxine 
complex  (*"InOx).  This  was  determined  by 
comparing  counts  per  minute  (cpm)  of  an 
aliquot  of  the  original  **4nCl  (from  a  known 
volume).  By  this  means,  we  can  determine 
the  number  of  microcurics  of  *"InOx  added 
to  any  individual  cell  suspension. 

Results.  The  effect  of  ^^Hndium-oxine 
dose.  Figure  1  demonstrates  that  with  the 
addition  of  increased  amounts  of  "*InOx  to 
a  constant  number  of  cells  in  a  standard 
volume,  the  number  of  counts  per  cell  in- 
creases from  2.5  x  10*  cpm/10^  cells  at  2.5 
AtCi  to  2.5  X  10«  cpm/10^  cells  at  lO/xCi. 
While  the  counts  per  minute  per  10^  cells 
increases  steadily,  it  is  not  exponential  and 
the  difference  in  labeling  efficiency  at  50 
and  100  /xCi  is  increased  by  only  24%  for 
the  100%  increase  in  available  label.  The 
viability  of  the  cells  (as  measured  by  trypan 
blue)  remains  relatively  constant  at  >90%, 
indicating  that  the  "*InOx  complex  is  rela- 
tively nontoxic.  Labeling  with  "*InOx  that 
had  passed  through  four  half-lives  yielded 
identical  viabilities,  reflecting  the  nontoxic 
nature  of  the  decay  product.  Cell  viability 
has  also  been  confirmed  by  in  vivo  lympho- 
cyte migration  studies  (see  below). 

Effect  of  cell  concentration  and  ^^^InOx 
dose  on  labeling  efficiency.  Efficiency  of 
labeling  with  "*InOx  is  related  to  two  vari- 
ables, the  cell  concentration  and  *"InOx 
dose.  Figure  1  describes  the  effect  of  chang- 
ing the  ^"InOx  dose  added  to  a  standard 
cell  concentration.  If  the  "4nOx  dose  is 
kept  constant  and  the  cell  concentration  is 
increased  or  decreased  above  or  below  10^ 


cells/ml,  labeling  efficiency  per  cell  de- 
creases. Though  optimal  labeling  is  achieved 
at  lOVml,  our  labeling  procedure  is  stand- 
ardized at  a  cell  concentration  of  5  x  lOV 
ml  for  practical  reasons.  The  difference  in 
labeling  per  cell  at  this  higher  cell  concen- 
tration is  insigniHcant. 

Effect  of  incubation  time  and  temperature. 
Figure  2  demonstrates  that  the  advantage 
gained  in  labeling  efficiency  per  cell  by 
longer  incubation  times  is  lost  in  viable  cell 
recovery.  Because  of  these  observations, 
we  have  opted  for  a  15-min  incubation  time. 
Labeling  at  22  or  37**  produced  almost  iden- 
tical labeling  efficiencies  and  viable  cell  re- 
coveries. 

Effect  of  medium  and  fetal  calf  serum. 
Cells  can  be  labeled  in  PBS,  MEM,  and 
tissue  culture  media  199  or  RPMI-1640, 
providing  10%  FCS  is  added  as  a  media 
supplement.  Media  not  containing  FCS  re- 
sult in  30%  less  efficient  labeling.  RPMI- 
1640  with  10%  FCS  gave  the  most  consist- 
ent and  highest  labeling  efficiency.  In  12 
successive  experiments,  the  addition  of  10 
fiCi  of  "UnOx  to  5  X  10^  lymph  node 
lymphocytes  in  0.5  ml  of  RPMI-1640  with 
10%  FCS  and  20  mM  Hepes  resulted  in 
2.71  X  10«  ±  0.5  X  10«  cpm/10^  cells. 
Similar  results  were  obtained  when  labeling 
tumor  cells  or  spleen  cells  in  RPMI-1640. 

Cell  type  Labeled.  We  have  observed  ef- 
Hcient  labeling  of  adherent  and  nonadher- 
ent (>95%  macrophages)  spleen  cells, 
thymic  and  lymph  node  cells  from  normal 
mice,  and  lymph  node  cells  from  nude  Balb/ 
c  mice,  as  well  as  lymphocytes  from  the 
thoracic  duct  of  rats.  DBA/2  mastocytoma 
cells  and  human  cell  lines  [EB-33,  H494, 
14975  (prostate);  malme  and  miwa  (mela- 
noma)] are  also  efficiently  labeled  and 
release  "*InOx  in  cytotoxicity  assays  (14) 
(Wiltrout  and  Frost,  unpublished). 

Spontaneous  release.  Table  I  summarizes 
the  spontaneous  release  of  *"InOx  and  **Cr 
from  lymphocytes  and  DBA/2  mastocytoma 
cells  incubated  in  culture  for  24  hr.  While 
the  spontaneous  release  of  "*InOx  from 
lymphocytes  is  more  gradual  than  that  ob- 
served with  **Cr,  the  total  release  is  compa- 
rable at  24  hr.  However,  this  is  not  true 
with  mastocytoma  cells  where  the  sponta- 
neous release  of  *"InOx  is  at  least  fourfold 
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an  that  of  **Cr  at  24  hr.  The  reason 
mastocytoma  cells  should  release 
X  at  a  much  slower  rate  than  lympho- 
s  currently  unclear.  Similar  low  spon- 
IS  release  has  been  observed  with  hu- 
imor  lines  (14). 

Uization,  The  lysis  of  *"InOx-labeled 
2  mastocytoma  cells  by  cell  rupture 
^sults  in  the  release  of  isotope  in  an 
wn  form.  The  addition  of  released 
I  to  unlabeled  DBA/2  mastocytoma 
r  lymphocytes  results  in  less  than  1  % 
taken  up  by  these  cells.  This  implies 
ice  the  "4nOx  complex  is  taken  up 


TABLE  I.  Percentage  Spontaneous  Release  of 

*'Cr  AND  "'In  FOR  Lymphocytes  and  Tumor 

Cells." 


Lymph  node  lympho- 

DBA/2  mastocytoma 

cvtes 

cells 

Time 

(hr) 

»'Cr           '"InOx 

*'Cr           "'InOx 

'^ 

13.5               7.5 

5.3               1.3 

4 

21.6             13.6 

9.5              2.2 

6 

32.7             17.2 

12.6              2.6 

24 

67.2             59.8 

24.8              6.3 

"  Five  X  \iV  lymphocytes  or  DBA/2  mastocytoma 
cells  were  labeled  with  either  *'Cr  or  "MnOx  and 
placed  in  culture.  Culture  samples  were  assessed  for 
spontaneous  release  of  label  at  varying  times  thereaf- 
ter. 


1.  The  effect  of  "'InOx  dose  on  lymphocyte 

Increasing  amounts  of  "'InOx  were  added  to 

lymphocytes  in  0.5  ml  of  RPMI  with  10% 

I  20  mM  Hepes  buffer.  The  cells  were  incu- 

r  15  min  at  37°.  O O,  Expt.  1:  x x, 


by  cells,  it  is  altered  sufficiently  so  as  to 
render  it  nonreutilizable. 

Membrane  vs  cytoplasmic  labeling.  To 
demonstrate  whether  "UnOx  labeled  mem- 
brane or  cytoplasm,  labeled  cells  were  dis- 
persed in  a  cell  rupturing  pump  (15).  The 
cellular  constituents  were  separated  by  dif- 
ferential centrifugation  (15,  16)  and  less 
than  10%  of  the  label  was  found  to  be 
associated  with  membrane.  In  addition,  at- 
tempts at  labeling  purified  membrane  frag- 
ments resulted  in  poor  labeling  efficiency. 

Comparison  of  ^^Hndium-oxine  and  ^^Cr 
as  lymphocyte  labels.  Table  II  summarizes 
the  labeling  efficiency  of  '^^Cr  and  "4nOx 
on  lymph  node,  spleen,  and  thymic  cells, 
utilizing  threefold  more  '^'Cr  than  ***InOx 
(30  /LtCi  of '^^Cr  as  sodium  chromate  and  10 
/LtCi  of  ***InOx).  The  increase  in  labeling 
efficiency  with  "*InOx  is  47-fold,  65-fold, 


)0 
Time  (Minutes 


.  The  effect  of  incubation  lime  on  labeling  efficienc> .  Ten  microcuries  of  "'InOx  was  added  to  5  x  10' 
tes  in  0.5  ml  of  RPMI  with  10%  FCS.  The  mixture  was  allowed  to  incubate  for  15,  30,  45,  or  60  min. 
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and  13.3-fold  with  lymph  node  cells,  spleen 
cells,  and  thymic  cells,  respectively. 

The  recirculation  of  ^^Hndium-oxine  lym- 
phocytes in  the  rat,  "'InOx-labeled  rat  tho- 
racic duct  lymphocytes  (TDL)  recirculate 
from  blood  to  lymph  and  distribute  to  or- 
gans in  a  manner  almost  identical  to  that 
seen  with  TDL  labeled  with  other  isotopes 
(Table  III).  In  these  experiments,  cells  were 
labeled  with  20  fiCi  of  ">InOx,  a  dose 
sufficient  for  detection  by  nuclear  scanning 
(17).  Doses  of  '"InOx  in  excess  of  100 
/iCi/10^  result  in  a  normal  initial  organ 
distribution  (useful  in  scanning)  but  dimin- 
ished recirculation  of  the  cells. 

Discussion.  Optimal  conditions  for  label- 
ing lymphocytes,  macrophages,  and  tumor 

TABLE  11.  Comparison  of  *»Cr  and  '"InOx  as 
Lymphocyte  Labels." 

Counts  per  minute  per  10^ 

cells  Ratio  of 

>"InOxto 

»'Cr  "»lnOx  »Cr 

Lymph    node  5.8  x  10*  275  x  10*  47 

cells 

Spleen  cells  6.9  x  10*  451  x  10*  65 

Thymocytes  13  x  10*  173  x  10*  13.3 

■  Five  X  10'  lymph  node,  spleen,  or  thymic  lympho- 
cytes were  labeled  with  30  /utCi  of  **Cr  or  10  /utCi  of 
"*InOx  and  the  cpm/10'  cells  were  assessed  after 
incubation  at  37°  for  15  min  in  RPMI  and  10%  FCS. 


cells  with  "*InOx  have  been  outlined.  The 
"'InOx  primarily  labels  cell  cytoplasmic 
components,  probably  by  passive  diffusion 
of  the  highly  lipophilic  metal  oxine  complex 
(11).  The  spontaneous  release  of  "4n0x 
for  cells  is  low  and  the  label  released  is 
nonreutilizable. 

"4nOx  offers  several  advantages  over 
other  labels  in  studies  of  lymphocyte  recir- 
culation and  tumor  cell  cytotoxicity.  It  has 
a  short  half-life  (67  hr),  far  shorter  than 
that  of  **Cr  (27.8  days)  and  longer  that  that 
of  ••technetium  (6  hr).  Because  it  emits  two 
y  photons,  it  can  be  detected  by  a  y  camera 
and  rectilinear  scanner  (17).  A  variety  of 
cells  are  labeled  to  high  specific  activities 
with  minimal  loss  in  viability,  and  finally, 
labeled  cells  show  significantly  lower  spon- 
taneous release  of  label  when  compared 
with  "Cr. 

These  observations,  taken  together  with 
evidence  that  *"InOx-labeled  lymphocytes 
recirculate  in  rats  and  distribute  to  lymphoid 
organs  normally,  make  it  of  potential  value 
in  the  study  of  lymphocyte  recirculation  in 
man.  The  low  spontaneous  release  from 
human  and  animal  tumor  cells  may  provide 
the  long-term  isotope  release  assay  needed 
in  the  study  of  cytotoxicity  to  human  tu- 
mors. 

Summary,    "* Indium    when    complexed 


TABLE  III.  Recirculation  and  Organ  Distribution  of  "4nOx-LABELED  Rat  Thoraqc  Duct 

Lymphocytes." 


(a)  Recirculation 

Volume  of 

Time  (hr) 

lymph  (ml) 

CFL* 

TDL*^ 

(b)  Organ  distribution  (30  hr) 

0-6 

16  ±5 

0.58  ±0.14 

1.99  ±  1.3 

Lung 

0.58  ±  0.08 

6-12 

25  ±7 

1.14  ±0.46 

6.03  ±  2.6 

Liver 

17.56  ±  3.66 

12-18 

16  ±3 

0.35  ±  0.40 

6.00  ±  1.63 

Thymus 

0.84  ±  0.38 

18-24 

24  ±5 

0.31  ±0.13 

5.11  ±0.56 

Small  bowel 

7.84  ±  2.50 

24-30 

23  ±4 

0.43  ±  0.10 

3.38  ±  0.37 

Femur 

Kidney 

Testes 

Peripheral  lymph  nodes 

Mesenteric  lymph  nodes 

Whole  blood,  1  ml 
Total  recovery 

(in  thoracic  duct  lymph 
and  sampled  organs) 

0.90  ±  0.28 
0.64  ±  0.09 
0.04  ±  0.01 
4.89  ±  0.82 
6.08  ±  1.82 
0.77  ±  0.68 
65.39  ±  6.56 

"  Mean  ±  SD  (expressed  as  percentage  of  counts  injected)  of  recovered  "MnOx  activity  from  four  adult 
splenectomized  rats,  (a)  Time  course  of  appearance  of  recirculating  cells  in  the  thoracic  duct,  (b)  Organ 
distribution  of  labeled  cells  at  30  hr  after  intravenous  injection.  Cells  were  labeled  with  20  fiCi  of  "MnOx/lO* 
cells. 

*  Thoracic  duct  lymphocytes. 

*"  Cell-free  lymph. 
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with  oxine  is  an  efficient  label  of  lympho- 
cytes and  tumor  ceils.  "*Indium-oxine  com- 
plex (*"InOx)  is  not  reutilizable,  making  it 
useful  for  short-term  lymphocyte  recircula- 
tion studies.  The  spontaneous  release  of 
"*InOx  from  tumor  cells  is  very  low, 
making  it  a  useful  isotope  in  cytotoxicity 
studies.  *"InOx  emits  two  y  photons  de- 
tectable by  nuclear  scanning,  making  this 
label  of  potential  use  in  the  study  of  lympho- 
cyte migration  in  man. 
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It  is  generally  accepted  that  there  are  at 
least  three  separate  active  transport  systems 
in  the  liver  for  the  overall  transfer  of  organic 
compounds  from  plasma  into  the  bile  (1). 
One  transport  system  is  responsible  for  the 
transfer  of  organic  anions  such  as  sulfo- 
bromophthalein  and  bilirubin,  the  second 
for  organic  cations  such  as  procainamide 
ethobromide  and  ^-tubocurarine,  and  the 
third  for  neutral  organic  compounds  or  ste- 
roids such  as  ouabain. 

It  is  not  known  if  bile  acids  are  trans- 
ported by  one  of  the  aforementioned  proc- 
esses or  if  yet  another  transport  mechanism 
for  bile  acids  exists.  Sperber  (2)  originally 
suggested  that  a  common  mechanism  existed 
for  the  hepatic  excretion  of  all  organic  an- 
ions. However,  it  was  later  shown  that  Cor- 
ridale  sheep,  which  cannot  excrete  sulfo- 
bromophthalein  and  other  organic  acids  into 
bile,  can  excrete  bile  acids  normally  into 
bile  (3).  This  indicates  that  bile  acids  are 
excreted  by  a  process  different  than  that  of 
most  organic  acids.  Bile  acids  have  been 
shown  to  inhibit  the  uptake  and  biliary 
excretion  of  ouabain  (4),  and  thus  it  has 
been  suggested  that  bile  acids  might  be 
excreted  by  the  steroid  transport  system. 

We  have  recently  shown  that,  while  the 
liver  of  the  adult  rat  has  a  marked  ability  to 
concentrate  ouabain,  the  liver  of  the  new- 
born rat  has  an  absolute  inability  to  concen- 
trate ouabain  (5).  However,  while  the  liver 
of  the  newborn  rat  is  not  as  efficient  in 
excreting  organic  anions  as  the  adult,  it 
does  have  the  ability  to  concentrate  them 
(6).  Therefore,  it  was  of  interest  to  deter- 
mine if  bile  acids  are  excreted  as  efficiently 
in  the  newborn  as  the  adult  rat.  If  the  liver 
of  the  newborn  rat  was  found  to  have  the 

'  The  study  was  supported  by  funds  from  Public 
Health  Service  Grant  No.  14513. 

-  The  author  is  a  recipient  of  a  Public  Health  Service 
Career  Development  Award  No.  GM  30996. 


ability  to  concentrate  the  bile  acids,  this 
would  suggest  that  bile  acids  are  not  trans- 
ported by  the  same  process  that  transports 
ouabain. 

Material  and  methods.  Rats  of  various 
ages  were  used  throughout  the  study.  The 
rats  were  born  in  our  laboratory  and  were 
produced  by  mating  untreated  Sprague- 
Dawley  (Bio- Lab,  White  Bear,  Minn.)  rats. 
The  mother  and  offspring  were  kept  in 
"shoebox  cages"  for  1  month  before  sepa- 
ration. The  rats  had  free  access  to  food  and 
water  at  all  times. 

PH]Taurocholic  acid  (New  England  Nu- 
clear, Boston,  Mass.)  and  unlabeled  tauro- 
cholic  acid  (Calbiochem,  San  Diego,  Calif.) 
were  mixed  to  give  the  appropriate  specific 
activity.  In  the  first  study  the  [^Hjtaurocholic 
acid  (30  mg/kg)  was  injected  (10  mg/kg) 
into  the  distal  portion  of  the  femoral  vein. 
Fifteen  minutes  later,  a  blood  sample  was 
obtained  by  cardiac  puncture  under  ether 
anesthesia.  Heparin  was  used  as  the  antico- 
agulant. In  the  second  study  the 
PH]taurocholic  acid  was  injected  similarly, 
but  the  blood  sample  was  obtained  at  2,  5, 
10,  20,  or  30  min  thereafter.  The  rats  were 
sacrificed,  and  the  liver  and  small  intestine 
were  removed.  As  a  measure  of  the  biliary 
excretion  of  taurocholic  acid,  the  small  in- 
testine was  homogenized  with  3  ml  of  saline 
in  a  Brinkmann  Polytron  homogenizer 
(Luzern,  Switzerland).  This  method  was 
used  to  estimate  biliary  excretion  because  it 
was  not  feasible  to  cannulate  the  bile  duct 
of  small  rats  and  measure  biliary  excretion 
directly.  This  technique  for  estimating  bili- 
ary excretion  was  verified  by  comparing  the 
amount  of  ^H  in  the  small  intestine  of  bile- 
duct-ligated  and  control  (adult)  rats  2  min 
after  iv  administration  of  PH]taurocholic 
acid;  the  concentration  in  bile-duct-ligated 
rats  was  4.6%  of  the  control  value.  Aliquots 
of  plasma  (50-250  ptl),  intestinal  homoge- 
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te  (500  /Ltl),  and  liver  (approximately  500 
l)  were  oxidized  with  a  Packard  Model 
6  Tri-Carb  sample  oxidizer,  and  radioac- 
ity  was  estimated  with  a  Packard  Tri- 
irb  liquid  scintillation  spectrometer  (Pack- 
1  Industries,  Downers  Grove,  111.)- 
lenching  was  determined  by  using  auto- 
itic  external  standardization. 
The  7-day-old  animals  were  compared  to 
?  39-day-old  animals  by  Student's  /  test 
described  by  Steel  and  Torric  (7). 
Results,  The  plasma  concentration  of  tau- 
:holic  acid  15  min  after  iv  administration 
3  mg/kg)  in  rats  of  various  ages  is  depicted 
Fig.  1.  In  rats  20  days  of  age  and  older 
^  plasma  concentration  of  taurocholic  acid 
approximately  6  /xg/ml.  The  plasma  con- 
ntration  is  more  than  fourfold  higher  in 
i  10-day-old  rats.  There  is  a  marked  de- 
base in  the  plasma  concentration  of  tau- 
:holic  acid  15  min  after  administration  as 
I  rats  increase  in  age  from  5  to  20  days. 
le  plasma  concentration  of  taurocholate 
the  5-day-old  rats  is  significantly  lower 
in  that  in  the  10-day-old  rats. 
In  an  attempt  to  determine  why  the 
isma  taurocholate  levels  were  higher  in 
^  newborn  rats  than  in  the  adult  rats  15 
n  after  administration,  the  concentration 
taurocholic  acid  in  the  plasma,  the 
lount  of  taurocholic  acid  contained  in  the 
er,  and  the  amount  excreted  into  the 
estine  were  measured  at  2,  5,  10,  20, 
d  30  min  after  administration  to  7-  and 
-day-old  rats.  Figure  2  illustrates  that  the 
isma  level  of  taurocholic  acid  was  already 
nificantly  higher  in  the  7-day-old  than  in 
5  39-day-old  rats  at  2  min  after  adminis- 
ition,  suggesting  a  larger  volume  of  distri- 


20  30 

MINUTES 

Fig.  2.  Plasma  disappearance  of  taurocholic  acid 
(30  mg/kg),  liver  concentration,  liver  content,  liver/ 
plasma  taurocholic  acid  concentration,  and  biliary  ex- 
cretion of  taurocholic  acid  in  7-  and  39-day-old  rats. 
Each  value  represents  the  mean  of  6-10  rats.  Asterisk 
indicates  the  values  are  significantly  different  from 
controls,  P<  0.05. 


Fig.  1.  Plasma  taurocholic  acid  concentration  15 
1  after  iv  administration  (30  mg/kg).  Each  value 
resents  the  mean  ±  SE  of  eight  rats. 


bution.  The  difference  between  the  newborn 
and  adult  became  greater  at  the  longer  time 
intervals.  The  concentration  of  taurocholate 
in  the  liver  of  the  newborn  rat  was  signifi- 
cantly higher  than  that  in  the  adult  at  5  min 
after  administration  and  at  all  times  there- 
after (Fig.  2).  However,  since  the  liver  of 
the  newborn  rat  comprises  only  2.9%  of  its 
body  weight  while  the  liver  of  the  older  rat 
is  4.6%  of  its  body  weight,  the  difference 
between  the  quantity  of  taurocholic  acid  in 
the  liver  of  the  newborn  and  the  adult  is 
less  than  the  difference  in  concentration. 
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However,  there  is  significantly  more  tauro- 
cholic  acid  in  the  liver  of  the  newborn  than 
the  adult  rat  at  5  min  after  administration 
and  all  times  thereafter  (Fig.  2).  Another 
index  of  overall  hepatic  excretory  function 
is  the  ratio  of  concentration  of  taurocholic 
acid  in  the  liver  to  its  concentration  in  the 
plasma.  The  value  in  the  newborn  rat  was 
significantly  lower  than  in  the  older  animals 
at  the  2-min  interval  but  was  similar  to  the 
adult  rat  at  all  times  thereafter.  The  amount 
of  taurocholic  acid  detected  in  the  small 
intestine  was  used  as  a  measure  of  its  biliary 
excretion.  The  newborn  rats  excreted  signif- 
icantly less  of  the  taurocholate  into  the 
intestine  than  the  adults  at  all  times  after 
administration  except  at  30  min  (Fig.  2). 

Discussion.  Similar  to  the  neutral  organic 
compound  ouabain  (5,  8)  and  the  organic 
anions  sulfobromophthalein  (BSP)  and  in- 
docyanine  green  (ICG)  (6),  taurocholic  acid 
is  not  handled  as  efficiently  by  the  liver  of 
the  newborn  rat  as  it  is  by  that  of  the  adult. 
The  time  course  for  development  of  the 
systems  responsible  for  the  transfer  of  tau- 
rocholic acid  is  similar  to  that  for  ouabain 
(5),  BSP,  and  ICG  (6).  The  overall  excre- 
tory capacity  of  the  liver  appears  to  be 
mature  by  20  days  of  age.  Interestingly,  the 
liver  of  the  5-day-old  rat  appears  to  be  more 
efficient  in  handling  an  exogenous  load  of 
taurocholic  acid  than  the  liver  of  the  10- 
day-old  rat;  similar  results  were  obtained 
with  ouabain  (5,  8)  as  well  as  with  BSP  and 
ICG  (6). 

The  mechanism  for  the  delayed  disap- 
pearance of  taurocholic  acid  from  the 
plasma  of  the  newborn  was  examined  by 
quantitating  the  amount  of  taurocholate  in 
the  plasma  and  liver  and  that  excreted  into 
the  bile  at  various  times  after  iv  administra- 
tion. At  2  minutes  the  concentration  of 
taurocholate  in  the  plasma  was  already 
higher  in  the  newborn  than  in  the  adult. 
This  difference  in  volume  of  distribution 
may  be  due  to  alteration  in  overall  hepatic 
excretory  function.  The  newborn  excreted 
the  taurocholate  acid  into  the  gut  at  a  much 
slower  rate  than  did  the  adult  rats.  This 
difference  does  not  appear  to  be  the  result 
of  the  difference  in  availability  of  taurocho- 
late to  the  transport  system  since  the  con- 
centration of  taurocholate  in  the  liver  of  the 


newborn  is  as  high  or  higher  than  that  of 
the  adult.  Thus  it  has  been  concluded  that 
the  system  that  transports  bile  acids  from 
the  liver  is  not  mature  in  the  newborn  rat 
and  is  probably  largely  responsible  for  the 
delayed  disappearance  of  taurocholic  acid 
from  the  plasma.  It  is  difficult  to  determine 
from  the  present  experiments  if  the  trans- 
port system  responsible  for  transfer  of  tau- 
rocholate from  the  plasma  to  the  liver  oper- 
ates at  the  same  capacity  in  the  newborn  as 
the  adult;  however,  the  liver/plasma  ratio 
of  taurocholate  is  similar  in  the  two  groups. 

While  it  appears  that  the  major  reason 
for  the  delayed  disappearance  of  taurocholic 
acid  from  the  plasma  of  the  newborn  rat  is 
due  to  a  lower  capacity  of  the  liver  to 
transfer  taurocholic  acid  from  the  liver  into 
the  bile,  the  major  defect  in  the  liver  of  the 
newborn  to  handle  ouabain  (5,  8),  BSP, 
and  ICG  (6)  is  the  inability  to  transfer  the 
xenobiotic  from  the  plasma  into  the  liver. 
Both  ouabain  (9)  and  taurocholic  acid  (10) 
are  transported  into  the  liver  by  an  active 
carrier-mediated  system.  With  ouabain 
there  appears  to  be  a  complete  inability  of 
the  liver  of  the  newborn  rat  to  concentrate 
it,  while  the  liver  of  the  aduh  rat  can  con- 
centrate it  about  30-fold  over  the  level  in 
the  plasma  (5).  Taurocholic  acid  is  also 
more  concentrated  in  the  liver  than  in  the 
plasma  but  only  about  five  times  more  than 
in  the  plasma.  In  contrast  to  the  results 
observed  with  ouabain,  the  liver  of  the 
newborn  rat  can  concentrate  taurocholic 
acid  to  the  same  extent  as  that  seen  in  the 
adult.  This  would  suggest  that  taurocholic 
acid  is  taken  up  by  a  process  other  than  the 
one  that  transports  ouabain.  Thus  it  would 
appear  that  there  are  at  least  four  processes 
in  the  liver  responsible  for  the  transfer  of 
organic  substances  from  the  plasma  into  the 
liver;  one  for  most  organic  anions,  one  for 
organic  cations,  one  for  neutral  substances, 
and  another  for  bile  acids. 

Summary.  The  plasma  disappearance  and 
biliary  excretion  of  taurocholic  acid  was 
found  to  be  slower  in  the  newborn  than  the 
adult  rat.  This  appears  to  be  due  largely  to 
a  less  efficient  transfer  of  taurocholic  acid 
from  the  liver  into  the  bile,  while  the  liver/ 
plasma  concentration  ratio  of  taurocholate 
in  the  newborn  is  similar  to  that  in  the 
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idult.  Ouabain,  in  contrast,  cannot  be  taken 
jp  and  concentrated  in  the  liver  of  the 
lewborn  rat.  This  suggests  that  taurocholic 
icid  and  ouabain  are  transported  into  the 
lepatocyte  by  different  systems. 

The  author  wishes  to  acknowledge  the  technical 
issistance  of  Jean  Fahrbach  and  Margie  Tackett. 
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While  the  sweat  test  provides  a  highly 
reproducible  and  reliable  test  for  the  identi- 
fication of  the  homozygous  state  of  cystic 
fibrosis,  assays  which  have  been  utilized  for 
the  identification  of  heterozygotes  have  pro- 
vided less  consistent  results.  Neither  the 
rabbit  trachea  nor  oyster  gill  assay  have 
proven  reliable  when  carried  out  under 
blind  study  conditions  (1).  The  observation 
of  Mangos  and  associates  (2)  that  mixed 
saliva  from  homozygotes  inhibited  sodium 
reabsorption  in  the  rat  parotid  gland  sug- 
gested to  Araki  and  associates  (3)  that  cystic 
fibrotic  plasma  may  contain  a  factor  which 
inhibits  sodium  transport.  Utilizing  the  rat 
jejunum,  they  observed  that  plasma  from 
both  homozygotes  and  heterozygotes,  when 
added  to  the  serosal  surface  just  before 
mounting  the  tissue,  inhibited  short  circuit 
whereas  plasma  from  normals  had  no  such 
effect.  In  a  subsequent  short  communication 
Araki  and  associates  (4)  modified  their 
technique  in  that  the  baseline  short  circuit 
current  was  recorded  for  10  min,  and  the 
mucosal  surface  solution  was  then  replaced 
by  serum.  Using  this  technique  they  found 
that  sera  from  48  of  50  cystic  fibrosis  pa- 
tients and  40  of  46  heterozygotes  decreased 
short  circuit  current.  Two  of  twenty  healthy 
controls  showed  false  positives.  The  present 
study  was  undertaken  to  further  study  the 
reliability  of  the  short  circuit  current 
method  for  distinguishing  among  cystic  fi- 
brotic, heterozygous,  and  normal  sera. 

Method.  Short  circuit  current  (Isc)  and 
potential  difference  (PD)  across  the  rat  je- 
junum were  determined  according  to  the 
technique  of  Ussing  and  Zerahn  (5).  PD 
was  measured  using  Ringer-3%  agar 
bridges  and  calomel  half-cells  and  moni- 
tored continuously  employing  a  differential 
amplifier  (Tetronics  Model  3A9;  input 
impedance,   1    Mft)  and  displayed  on  an 

*  Supported  by  special  appropriation  by  the  Ne- 
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oscilloscope  (Tetronics  Model  561B).  The 
output  of  the  latter  was  recorded  on  a  strip- 
chart  recorder,  and  the  calibration  was 
checked  using  a  Bioelectric  Type  CAS  cali- 
brator. Current  was  applied  through  Ag- 
AgCl  pellet  electrodes  and  Ringer-agar 
bridges.  Isc  was  determined  using  an  HP 
41 2 A  VTVM  (internal  shunt  resistance  <1 
ft),  and  the  output  was  recorded  on  the 
strip  recorder.  Direct  current  resistance  was 
calculated  from  PD/Isc. 

The  tissue  was  prepared  as  follows:  Male 
Sprague-Dawley  rats  were  anesthetized 
with  pentobarbital  sodium  (60  mg/kg)  ip, 
an  abdominal  incision  was  made,  the  je- 
junum was  opened,  and  its  lumen  was 
washed  out  with  bicarbonate-Ringer's  solu- 
tion henceforth  referred  to  as  Ringer's  so- 
lution. The  blood  vessels  to  the  jejunum 
were  clamped  with  a  hemostat,  and  a  sec- 
tion was  removed  at  a  point  usually  12-18 
cm  below  the  pyloric  sphincter  and  placed 
in  warm  Ringer's  solution.  The  tissue  was 
cut  longitudinally  and  mounted  between 
two  halves  of  a  Lucite  chamber  which  was 
then  filled  with  Ringer's  solution  and  oxy- 
genated with  a  gas  lift.  The  Lucite  chamber 
was  maintained  at  37^  using  a  warm-water 
jacket.  Three  minutes  elapsed  between 
clamping  the  blood  supply  to  the  jejunum 
and  mounting  the  tissue.  Sera  were  obtained 
from  10  normal,  17  cystic  fibrotic,  and  8 
hetcrozygotic  individuals  and  stored  at  4° 
until  testing  which  occurred  at  no  later  than 
48  hr.  Samples  were  assayed  under  blind 
study  conditions  after  they  were  diluted  by 
adding  2  parts  of  Ringer's  solution  to  1  part 
serum . 

The  protocol  for  assay  was  as  follows: 
The  rat  jejunum  was  mounted,  the  tissue 
was  allowed  to  stabilize  for  10-15  min  as 
indicated  by  the  stability  of  the  PD,  and  the 
control  Isc  was  determined.  The  Ringer's 
solution  on  the  mucosal  side  of  chamber 
was  then  replaced  with  the  diluted  sera. 
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ording  of  the  PD  and  determination 
Isc  were  continued  for  15-20  min. 
iuits  were  analyzed  using  a  one-way 
5  of  variance  and  Scheffe's  multiple 
ison  test  (6). 

Its.  Figure  1  is  an  original  tracing 
g  the  influence  of  normal  and  CF 
on  PD  and  Isc  of  the  rat  jejunum, 
pid  upward  deflections  on  the  PD 
indicate  the  times  at  which  the  cur- 
is  applied.  In  this  experiment,  serum 
arrow)  was  from  a  normal  patient 
urn  8  (second  arrow)  from  a  patient 
Stic  fibrosis.  When  the  Ringer's  so- 
m  the  mucosal  surface  was  replaced 
irmal  serum,  a  slight  decrease  in  PD 
d,  followed  by  an  increase.  This  pat- 
as   usually   seen   regardless   of  the 


source  of  the  serum.  The  normal  serum  was 
replaced  by  Ringer's  solution,  the  tissue 
was  allowed  to  stabilize,  and  the  Ringer's 
solution  was  then  replaced  by  CF  serum. 
The  latter  caused  an  initial  decrease  then 
increase  in  PD,  followed  by  a  more  pro- 
longed decrease. 

Figure  2  is  from  an  experiment  in  which 
the  first  unknown  sample  (arrow)  that  re- 
placed the  Ringer'  solution  was  from  a  CF 
patient.  Note  the  very  substantial  reduction 
in  PD  and  Isc. 

Figure  3  shows  the  influence  of  normal 
serum  (first  arrow)  and  serum  from  a  heter- 
ozygous patient  (second  arrow)  on  PD  and 
Isc.  The  experimental  sequence  was  the 
same  as  that  illustrated  in  Fig.  1.  Note  that 
the   heterozygous  serum  had  qualitatively 


The  influence  of  normal  (serum  9)  and  cystic  fibrotic  serum  (serum  8)  on  the  Isc  and  PD  of  the  rat 
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Fig.  2.  Influence  of  cystic  fibrotic  serum  (S.20)  on  the  Isc  and  PD  of  the  rat  jejunum. 
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the  same  effect  as  serum  from  CF  patients 
(Figs.  1  and  2).  Figure  4  is  from  an  experi- 
ment in  which  the  first  unknown  sample 
(arrow)  that  replaced  the  Ringer's  solution 
was  from  a  heterozygote. 

Before  the  replacement  of  the  mucosal 
Ringer's  solution  with  any  sera  from  the  35 
tissues  studied,  the  mean  potential  differ- 
ence was  7.44  ±  0.28  mV,  the  mean  Isc 
was  37.6  ±  1.65  ptA/cm^,  and  the  mean 
resistance  was  203.9  ±  3.57  /ift/cm^. 

Figure  5  shows  the  individual  changes 
which  occurred  in  PD  and  Isc  as  a  result  of 
replacing  the  mucosal  Ringer's  solution  with 
the  various  sera.  Note  that  there  is  no 
overlapping  between  the  normal  serum  and 
serum  from  either  the  CF  or  heterozygous 
patients.  The  mean  change  (±SE)  in  PD 
caused  by  normal  serum  was  -1-0.29  ±  0.52 


mV;  for  heterozygous  serum  it  was  -1.5  ± 
0.31  mV,  and  for  CF  serum  -2.38  ±  1.16 
mV.  With  respect  to  Isc,  normal  serum 
increased  it  by  2.6  ±  4.5,  heterozygous 
serum  decreased  it  by  8.75  ±  3.58,  and  CF 
serum  decreased  it  by  13.82  ±  5.84  fiAl 
cm^.  The  changes  in  the  heterozygous  and 
CF  groups  are  significantly  different  from 
those  of  the  normal  group,  but  are  not 
significantly  different  from  each  other.  Thus 
while  these  experiments  did  not  distinguish 
between  CF  and  heterozygous  serum,  they 
did  distinguish  between  normals  and  these 
two  groups.  The  changes  in  PD  and  Isc 
were  in  general  proportional  so  that  none 
of  the  sera  produced  significant  changes  in 
membrane  resistance. 

Discussion.   The  results  of  the   present 
experiments  confirm  the  finding  of  Araki 


Fig.  3.  Influence  of  normal  (S.28)  and  heterozygous  serum  (S.21)  on  the  Isc  and  PD  of  the  rat  jejunum. 
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Fig.  4.  The  influence  of  heterozygous  serum  (S.24)  on  the  Isc  and  PD  of  the  rat  jejunum. 
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Individual  experiments  showing  the  influence  of  the  various  sera  on  the  PD  and  Isc  of  the  rat 


>ciates  (4)  that  both  CF  and  hetero- 
jera  decrease  the  PD  and  Isc  of  rat 
1,  while  normal  serum  has  no  con- 
effect.  Our  failure  to  show  false 
s  or  negatives  may  be  due  to  the 
t  the  number  of  samples  analyzed  in 
ly  was  less  than  in  that  of  Araki  and 
es.  However,  even  with  our  small 
number  we  found  a  clear  separation 
1  normal  serum  and  CF  and  hetero- 
sera. 

mechanism  whereby  CF  and  hetero- 
sera  inhibit  PD  and  Isc  in  the  rat 
n  is  not  known.  However,  it  would 
that  it  in  some  way  decreases  the 
»f  sodium  into  the  cell  rather  than 
a  direct  effect  on  a  sodium-pumping 
lism.  This  idea  is  consistent  with  the 
of  Kaiser  and  associates  (7)  that  the 
n  cystic  fibrosis  acts  on  the  luminal 
'  the  sweat  gland  but  not  on  the 
uminal  side  and  with  our  preliminary 
that  CF  serum  has  no  effect  on  PD 
of  the  rat  jejunum  when  placed  on 
osal  side.  In  both  the  sweat  gland 
junum  the  passage  of  Na*^  into  the 
il  cell  can  be  assumed  to  be  with, 
e  extrusion  out  of  the  serosal  or 
uminal  surface  against,  its  electro- 
al  gradient  via  a  "pump"  mechanism, 
actor  in  serum  of  either  CF  patients 
lozygotes  acted  by  inhibiting  a  so- 


dium pump  one  would  expect  an  effect 
when  appHed  to  the  serosal  or  contraluminal 
surface. 

The  factor  involved  in  CF  does  not  affect 
Na  transport  in  all  tissues.  Its  inhibitory 
effect  on  the  eccrine  sweat  and  salivary 
gland  is  not  found  in  other  tissues.  In  addi- 
tion, in  preliminary  experiments  we  found 
no  effect  of  CF  serum  on  the  PD  or  Isc  of 
frog  skin  whether  it  was  applied  to  the 
mucosal  or  serosal  surface. 

Summary.  The  rat  jejunum  bioassay  has 
been  shown  to  be  capable  of  identifying 
both  the  cystic  fibrotic  homozygote  and 
heterozygote  and  therefore  would  appear 
to  have  great  potential  as  a  screening  test 
for  the  latter.  It  is  suggested  that  the  cystic 
fibrosis  factor  does  not  influence  sodium 
reabsorption  by  inhibiting  an  active  sodium 
reabsorption  mechanism  but  rather  by  in- 
hibiting passive  sodium  entry  into  the  cell. 

Dr.  Kashinath  D.  Patil  generously  aided  in  the  sta- 
tistical analysis  of  the  data. 

1.  Wood,  R.  E.,  DiSant'  Agnese,  P.  A.,  Lancet  2, 
1452  (1973). 

2.  Mangos,  J.  A.,  McSherry,  N.  R.,  and  Benke,  P. 
J.,  Pediatr.  Res.  1,436  (1967). 

3.  Araki,  H.,  Field,  M.,  and  Shwachman,  H.,  Pe- 
diatr. Res.  9,  932  (1975). 

4.  Arkai,  H.,  Field,  M.,  and  Shwachman,  in  "Pro- 


74  CYSTIC  FIBROTIC  SERUM  AND  RAT  JEJUNUM 

ceedings  of  VII  International  Cystic  Fibrosis  Con-  Research."  Wiley,  New  York  (1971). 

gress."  June  1976.  7.  Kaiser,  D.,  Drack,  E.,  and  Rossi,  E.,  Pediatr. 

5.  Ussing,  H.  H.,  and  Zerann,  K.,  Acta  Physiol.  Res.  5,  167  (1971). 

Scand.  61,  484  (1964).  

6.  Armitage,   P.,   '^Statistical   Methods  in   Medical      Received  May  13,  1977.  P.S.E.B.M.  1978,  Vol.  157. 


'  THi  socnrtr  rot  bxpbumintal  biology  and  nBoiaNi  157,75-78(1978) 


:s  of  Rheumatoid  Factor  and  Complement  on  Soluble  Immunoglobulin  G 
Complexes:  ^'CrClg  Labeling  and  Precipitation  Studies^  (39994) 
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ction.  Soluble  immunoglobulin  G 
s  which  react  with  macromolecular 
id  factor  have  been  detected  in 
iai  fluid  of  patients  with  rheuma- 
ritis  (1).  This  reaction  has  been 
3  accentuate  the  complement  dim- 
the  synovial  fluid  of  these  patients 
;nt  studies  (2,  3)  have  suggested 
ugh  insoluble  complexes  are  capa- 
oducing  functional  and  metabolic 
1  normal  neutrophils,  soluble  com- 
t  not.  These  studies  (2,  3)  utilized 
id  factor  to  convert  soluble  com- 
o  insoluble  complexes  capable  of 
ig  the  biologic  activity  of  normal 
Is.  The  present  studies  explore  the 
'  rheumatoid  factor  and  comple- 
he  precipitation  of  ^'CrCla-labeled 
l^eled  soluble  immunoglobulin  G 
s. 

Is  and  methods.  Human  immuno- 
G,  obtained  commercially  (U.S. 
cal  Corp.,  Cleveland,  Ohio)  as  hu- 
n  Fraction  II,  was  solubilized  in 
CI  (pH,  7.4).  This  solution  con- 
munoglobulin  G,  immunoglobulin 
immunoglobulin  A  in  a  ratio  of 
s  determined  by  radial  immunodif- 
Behring,  Marburg,  Germany). 
»sage  through  a  Sephadex  G-200 
2.6  X  60.0-cm  column* at  25**), 
the  total  immunoglobulin  G  was 
a  fraction  corresponding  to  a  mo- 
eight  of  approximately  150,000; 
nder  was  eluted  as  the  macromo- 
action  (void  volume).  A  1  g/dl 
)f  this  human  immunoglobulin  G 
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was  labeled  with  approximately  22.6  ^tCi 
of  *'CrCl3  (New  England  Nuclear,  Boston, 
Mass.,  specfic  activity  approximately  375 
Ci/g  of  Cr)  per  milliliter  of  immunoglobulin 
G  at  pH  7.4.  After  incubating  for  1  hr  at 
room  temperature,  the  solution  was  passed 
over  a  Sephadex  G-10  column  (1.2  x  30.0 
cm)  to  remove  any  unbound  chromium. 
Tubes  containing  the  maximum  amounts  of 
radioactivity  and  protein  were  pooled  and 
subsequently  heated  at  63**  for  7  min.  After 
returning  to  room  temperature,  the  solution 
was  centrifuged  at  10,000g  for  15  min  to 
remove  any  insoluble  precipitate  formed 
during  the  heating.  The  resulting  slightly 
opalescent  supernatant,  upon  passage  over 
a  Sephadex  G-200  column,  was  found  to 
contain  a  mean  of  47.9%  (range  37-60.5%) 
soluble  immunoglobulin  G  complexes  with 
the  remainder  of  the  protein  in  the  form  of 
150,000  molecular  weight  immunoglobulin 
G.  This  solution  was  diluted  with  0.9% 
NaCl  to  contain  2.4  mg/ml  of  soluble  im- 
munoglobulin G  complexes  and  a  mean  of 
1.13  X  10*  cpm/mg  of  protein. 

Rheumatoid  serum  was  obtained  with  in- 
formed consent  from  patients  with  definite 
or  classical  rheumatoid  arthritis  and  normal 
serum  from  healthy  volunteers.  The  sera 
were  either  used  immediately  or  frozen  at 
-70°  for  use  in  future  experiments.  Rheu- 
matoid factor  titers  were  determined  utiliz- 
ing the  commercial  latex  globulin  reagent, 
Rheuma  Quik  (Biological  Corp.  of  Amer- 
ica, Port  Reading,  N.J.).  All  sera  were  spun 
at  10,000g  for  15  min  to  remove  any  precip- 
itate prior  to  use  in  the  test  system.  In 
some  studies,  complement  activity  was  re- 
moved from  serum  either  by  heat-inactiva- 
tion  for  30  min  at  56°  or  by  treatment  with 
cobra  venom  factor  (Cordis  Corp.,  Miami, 
Fla.)  for  30  min  prior  to  use. 

Complex  reaction  mixtures  were  pre- 
pared in  a  ratio  of  1:2:5  by  volume  with 
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soluble  immunoglobulin  G,  normal  serum, 
and  rheumatoid  serum,  respectively.  In 
studies  using  **CrCl3,  these  sera  were  previ- 
ously treated  with  0.05  ml  of  1.3  x  lO'^  M 
CrCyS  ml  of  serum.  Rheumatoid  serum 
was  utilized  undiluted  (Figs.  1  and  2)  or 
was  diluted  with  0.9%  NaCl  to  produce 
experimental  sera  with  titers  shown  in  Fig. 
3.  When  either  the  rheumatoid  or  the  nor- 
mal serum  was  omitted  from  the  mixture 
(Fig.  4),  an  equal  volume  of  0.9%  NaCl 
was  substituted  to  keep  the  reaction  volume 
constant.  After  exposing  the  immunoglobu- 
lin G  to  0.9%  NaCl,  rheumatoid  serum, 
and/or  normal  serum,  the  respective  tubes 
were  centrifuged  at  10,000g  and  washed 
twice  in  0.9%  NaCl.  The  supemates  were 
discarded  and  the  precipitates  assayed  in 
duplicate  for  radioactivity  in  a  Nuclear  Chi- 
cago gamma  scintillation  spectrometer.  The 
precipitates  were  then  resuspended  in  saline 
or  phosphate-buffered  saline  and  protein 
determinations  were  performed  using  the 
technique  of  Lowry  et  al,  (4). 

All  data  were  statistically  analyzed  using 
Student's  /  distribution,  since  sample  sizes 
were  comparatively  small  in  most  of  the 
experiments.  Two- tailed  Student's  t  tests 
were  performed  on  all  groups,  and  differ- 
ences between  these  groups  were  consid- 
ered to  reach  statistical  significance  when 
values  of  P  <  0.05  were  obtained. 

Results.   Figure   1   shows  the  effects  of 
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Fig.  1.  Rheumatoid  factor  effects  on  soluble  im- 
munoglobulin G  complex  precipitation,  ^^CrCla  studies. 
Vertical  lines  on  top  of  the  bars  =  AT  -»-  SEM.  Differ- 
ences between  negative  sera  and  those  with  rheumatoid 
factor  become  significant  at  titers  of  1:80.  Differences 
are  not  significant  between  any  of  the  groups  of  sera 
with  titers  from  1:320  to  1:5120. 
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Fig.  Rheumatoid  factor  effects  on  soluble  immu- 
noglobulin G  complex  precipitation,  protein  studies. 
Vertical  lines  on  top  of  the  bars  =  AT  -»-  SEM.  Differ- 
ences between  negative  sera  and  those  with  rheumatoid 
factor  become  significant  at  titers  of  1:160  and  do  not 
change  significantly  to  titers  of  1:5120. 
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Fig.  3.  Effect  of  rheumatoid  factor  dilution  on 
soluble  complex  precipitation.  ▲,  •  =  Two  patients 
with  initial  rheumatoid  factor  titers  of  1:5120;  A,0  = 
2  patients  with  initial  rheumatoid  factor  titers  of 
1:2560;  each  symbol  ==  AT  of  four  detenninations. 
Differences  between  control  and  rheumatoid  factor- 
containing  sera  become  significant  in  the  1:80-320 
range  and  there  are  no  significant  differences  in  precip- 
itation from  sera  with  titers  from  1:1280  to  1:5120. 


Utilizing  sera  with  increasing  rheumatoid 
factor  titers  on  the  precipitation  of  **Cr- 
tagged  soluble  immunoglobulin  G  com- 
plexes. Although  considerable  variation  oc- 
curred at  each  titer,  differences  in  precipi- 
tation between  negative  sera  and  those  con- 
taining rheumatoid  factor  became  signifi- 
cant (P  <  0.05)  at  titers  of  1:80,  were 
highly  significant  (P  <  0.001)  at  titers  of 
1:160,  and  remained  significant  throughout 
the  study  to  titers  of  1:5120.  Maximum 
precipitation  apparently  occurred  in  the  re- 
gion of  rheumatoid  factor  titers  of  1:1280, 
but  there  were  not  statistically  significant 
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Fig.  4.  Complement  effects  on  soluble  immunoglobulin  G  complex  precipitation  with  rheumatoid  factor. 
Crosses  =  AT  ±  SEM,  RS  =  rheumatoid  serum,  NS  =  normal  serum,  HI  =  heat-inactivated,  CVF  =  cobra 
venum  factor-treated.  Treatments  designed  to  decrease  complement  levels  do  not  affect  the  ability  of  RS  to 
precipitate  ^*Cr-tagged  soluble  complexes. 


differences  between  any  of  the  sera  groups 
exhibiting  titers  of  1:320  or  above.  Figure 
2  shows  similar  results  when  nonradioactive 
soluble  immunoglobulin  G  complexes  are 
incubated  with  sera  exhibiting  rheumatoid 
factor  titers  up  to  1:5120.  Differences  be- 
tween negative  and  rheumatoid  factor-con- 
taining sera  became  significant  {P  <  0.05) 
at  titers  of  1:160  and  there  were  no  statisti- 
cally significant  differences  between  any  of 
the  sera  groups  exhibiting  titers  of  1:160  or 
above.  As  shown  in  Fig.  3,  serial  dilutions 
of  high-titered  sera  produced  similar  results. 
Differences  between  control  and  rheuma- 
toid factor-containing  sera  became  signifi- 
cant (P  <  0.05)  at  titers  of  1:80  (two 
patients)  or  1:320  (two  patients)  and  there 
were  no  statistically  significant  differences 
among  any  of  the  experimental  sera  exhibit- 
ing titers  of  1:1280  or  above.  Figure  4 
illustrates  the  precipitation  obtained  utiliz- 
ing radioactively  tagged  soluble  immuno- 
globulin G  complexes  and  rheumatoid  sera 
exhibiting  a  titer  of  1:1280  but  subjected  to 
various  treatments  prior  to  incubation  with 
the  soluble  complexes.  As  shown  in  this 
figure,  there  is  no  difference  in  the  amount 


of  precipitation  from  the  soluble  complex 
solutions  whether  rheumatoid  serum  (RS) 
is  utilized  alone,  in  the  presence  of  normal 
sera  (RS  &  NS),  in  the  presence  of  rheu- 
matoid factor  sera  which  is  heat-inactivated 
at  56°  (HIRS),  or  in  the  presence  of  rheu- 
matoid factor  sera  previously  treated  with 
cobra  venum  factor  (CVFRS). 

Discussion.  ^^CrCls  preferentially  tags  se- 
rum proteins  (5)  and  has  been  utilized  for 
in  vivo  studies  of  gastrointestinal  protein 
loss  (6).  Previous  studies  (7)  have  shown 
that  rheumatoid  factor  can  cause  specific 
precipitation  when  reacted  with  heat-aggre- 
gated y-globulin  but  not  with  native  immu- 
noglobulin G.  Previous  precipitation  studies 
(8,  9)  have  shown  an  inhibitory  effect  of  na- 
tive immunoglobulin  G  on  soluble  complex 
precipitation.  Our  studies  utilize  soluble 
complexes  in  equal  volumes  to  native  immu- 
noglobulin G,  and  demonstrate  increasing 
precipitation  of  the  complexes  from  solu- 
tions incubated  with  rheumatoid  sera  to 
rheumatoid  factor  titers  of  1:320  and  1:160 
utilizing  chromium-tagged  or  untagged  com- 
plexes. A  similar  increase  in  precipitation 
with  increasing  amounts  of  rheumatoid  fac- 
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tor  to  titers  of  1 : 1 280  is  demonstrated  in  se- 
rial dilution  studies  of  exp)erimental  sera  and 
has  been  reported  (10)  in  previous  studies 
utilizing  different  methods.  Our  studies  con- 
firm these  earlier  findings  and  demonstrate 
that  the  chromium-tagged  system  yields  a 
precipitin  curve  similar  to  that  seen  when 
nonradioactive  soluble  complexes  are  uti- 
lized. These  studies  suggest  that  increasing 
serum  concentrations  of  rheumatoid  factor, 
up  to  titers  of  1:1280,  yield  increasing 
amounts  of  precipitate  when  exposed  to  a 
constant  amount  of  soluble  immunoglobulin 
G  complexes  in  the  presence  of  native  y- 
globulin. 

Although  rheumatoid  factor  alone  (11) 
and  rheumatoid  factor-immunoglobulin  G 
complexes  have  been  shown  to  fix  comple- 
men  (9),  our  studies  utilizing  **Cr-labeled 
complexes  and  high-titer  (1:1280)  rheuma- 
toid sera  confirm  previous  reports  (12)  sug- 
gesting that  complement  is  not  required  for 
maximum  precipitation  of  soluble  com- 
plexes by  high-titer  rheumatoid  factor-con- 
taining serum.  This  study  has  thus  shown 
that  a  chromium  tag  applied  to  soluble 
immunoglobulin  G  complexes  can  be  used 
to  determine  quantitatively  the  precipitation 
of  these  complexes.  The  measurable  precip- 
itate increases  proportionately  with  increas- 
ing titers  of  rheumatoid  factor  up  to  1:320 
and  is  not  affected  by  measures  designed  to 
eliminate  complement  from  high-titer  rheu- 
matoid sera.  These  studies  confirm  previous 
suggestions  that  increasing  titers  of  rheu- 
matoid factor  may  increase  the  biologic  ac- 
tivity of  immunoglobulin  G  complexes,  and 
demonstrate  the  usefulness  of  a  **Cr  tag  in 


delineating  the  interaction  of  these  com- 
plexes with  rheumatoid  factor. 

Summary.  **CrCl3-labeled  soluble  immu- 
noglobulin G  complexes  have  been  shown 
to  have  similar  precipitation  characteristics 
to  unlabeled  complexes  in  the  presence  of 
increasing  amounts  of  macromolecular 
rheumatoid  factor.  Complement  depletion 
of  high-titer  rheumatoid  sera  did  not  appear 
to  influence  these  interactions  which  may 
be  important  components  of  rheumatoid 
inflammation. 
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)urified  capsular  polysaccharide 
epared  against  groups  A,  C,  and 
I  meningitidis  have  been  devel- 
•).  These  vaccines  have  been 
e  antigenic  and  free  of  significant 
»  (3-6).  Subsequently,  group  A, 
id  group  A/C  combined  vaccines 
licensed  for  limited  distribution 
'  the  Bureau  of  Biologies,  Food 
Administration. 

to  broaden  the  potential  protec- 
ed  by  a  meningococcal  vaccine, 
Y  polysaccharide  component  was 
roups  A  and  C  polysaccharides, 
se  of  this  study  was  to  evaluate 
ibination  vaccine  with  respect  to 
ceptability    and    serological    re- 

•  and  methods.  Vaccines.  The 
id  in  this  study  (Lot  2501)  was 
1  the  Merrell-National  Research 
es  using  Neisseria  meningitidis  A- 
id  6306  Y  (Slaterus  Y)  obtained 
\Valter  Reed  Army  Institute  of 
The  cold  phenol  method  of 
et  al.  (7)  was  used  to  purify  the 
rides.  Molecular  sizing  of  the  po- 
es  using  Sepharose  4B  gel  per- 
romatography  suggested  that  the 
ponents  of  the  vaccine  were  of 
ular  weight.  The  partition  coeffi- 
)  at  the  Ve  were  0.26,  0.22,  and 
ectively,  for  the  A,  C,  and  Y 
rides.  The  individual  polysaccha- 
ments.  A,  C,  and  Y,  were  tested 
licity  (three  rabbits  each  compo- 
25  /x-g/kg.  The  mean  temperature 
0.2,  0.2,  and  0.0°  for  the  three 

squests  should  be  addressed  to  Dr.  D.  P. 
ogical  Research  Laboratory,  Merrell-Na- 
tories.  Division  of  Richardson-Merrell 
er,  Pennsylvania  18370. 


components,  respectively.  The  final  vaccine 
was  tested  in  eight  rabbits  at  a  concentration 
of  0.075  figjkg  (0.025  fig  each  component) 
with  an  average  rise  of  0.39°.  These  results 
are  within  limits  established  for  meningo- 
coccal vaccines  (8,  9).  In  addition,  the  vac- 
cine met  the  general  requirements  of  the 
Bureau  of  Biologies,  Food  and  Drug  Ad- 
ministration (8),  and  other  existing  stan- 
dards pertinent  to  the  use  of  vaccines  (9). 

A  placebo  consisting  of  isotonic  sodium 
chloride  with  0.01%  thimerosal  was  used  in 
this  study. 

Clinical  studies.  The  study  population 
consisted  of  healthy  adult  volunteers,  em- 
ployees and  staff  of  a  university  hospital, 
who  had  given  their  informed  consent.  Both 
men  and  women,  18  to  57  years  of  age 
(mean  age,  25.4  years),  were  included  in 
the  study  population.  The  vaccine  was  ad- 
ministered to  30  individuals,  each  of  whom 
received  0.5  ml  (containing  50  fig  of  each 
of  the  three  polysaccharides)  subcutane- 
ously,  in  the  upper  arm  in  the  region  of  the 
deltoid  muscle.  Twenty-three  of  these  indi- 
viduals had  not  been  immunized  with  a 
meningococcal  vaccine.  Of  the  other  seven 
individuals,  four  had  been  immunized  with 
a  group  A/C  combined  vaccine,  two  had 
received  groups  A  and  C  vaccines,  and  one 
had  been  given  a  group  C  vaccine.  All 
previous  immunizations  had  been  with  50 
fig  each  of  the  respective  polysaccharides. 
Five  individuals  received  0.5  ml  of  the  pla- 
cebo. 

Blood  specimens  were  obtained  by  veni- 
puncture (antecubital  vein)  prior  to  immu- 
nization and  3  weeks  later.  Sera  were  col- 
lected and  stored  frozen  at  -20°  until  sero- 
logical testing  was  conducted. 

Clinical  observations  were  made  and  re- 
corded for  each  individual  at  4-hr  intervals 
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until  bedtime  on  the  day  of  immunization, 
then  daily  for  the  next  3  weeks.  Oral  tem- 
peratures were  taken  for  the  first  3  days 
regularly,  and  continued  if  the  volunteer 
had  any  symptoms.  Any  adverse  local  or 
systemic  reactions  were  recorded  on  individ- 
ual case  report  forms. 

Bactericidal  tests  were  performed  on  pre- 
and  postimmunization  sera  (inactivated  at 
56**  for  30  min)  using  a  procedure  developed 
by  the  Bureau  of  Biologies  (8). 

Results.  Of  the  30  individuals  who  re- 
ceived the  vaccine,  12  reported  symptoms 
of  a  systemic  nature.  Temperatures  above 
37.2°  were  observed  in  6  individuals.  In  5 
of  these  6  volunteers  maximum  tempera- 
tures ranged  from  37.3  to  38.8**.  Other 
temperature  readings  and  symptoms  further 
suggested  a  mild  systemic  reaction  to  the 
vaccine.  Other  symptoms  of  these  5  individ- 
uals were  recorded  on  days  postimmuniza- 
tion as  follows:  1  individual.  Day  1;  1 
individual.  Days  1  and  2;  2  individuals, 
Days  2  and  3;  and  1  individual.  Day  3.  The 
sixth  individual  was  reported  to  have  had  a 
temperature  of  39.4°  four  hours  after  im- 
munization, however,  no  other  tempera- 
tures were  abnormal  and  no  other  adverse 
reactions  were  observed.  Complaints  re- 
corded for  all  12  individuals  above  were 
headache  (six  instances),  coryza  (three  in- 
stances), lethargy  (three  instances),  nausea 
(three  instances),  and  chills  (one  instance). 
All  symptoms  dissipated  by  Day  3. 

Twenty-three  of  the  30  vaccinees  (one  of 


five  placebos)  complained  of  local  pain  or 
soreness  at  the  site  of  injection,  with  the 
discomfort  lasting  1  day  for  12  individuals, 
2  days  for  4  individuals,  and  3  days  for  7 
individuals. 

No  correlation  was  noted  between  symp- 
toms observed  and  prior  immunization  with 
meningococcal  vaccines. 

Results  of  bactericidal  antibody  tests  (Ta- 
ble I)  of  the  sera  from  the  23  individuals 
not  previously  immunized  with  a  meningo- 
coccal vaccine  indicated  that  23  (100%), 
21  (91 .3%),  and  20  (87.0%)  had  significant 
(fourfold  or  greater)  increases  in  group  A, 
group  C,  and  group  Y  antibodies.  If  individ- 
uals with  high  preexisting  antibody  levels 
are  excluded,  95%  or  more  of  the  individ- 
uals developed  significant  antibody  levels 
to  all  three  vaccine  components. 

The  serological  responses  of  seven  indi- 
viduals, after  receiving  the  ACY  vaccine, 
who  had  received  meningococcal  vaccine 
A,  C,  or  A/C,  are  shown  in  Table  II.  All 
individuals  developed  high  levels  of  group 
Y  bactericidal  antibodies.  One  individual 
who  had  previously  received  group  C  vac- 
cine responded  to  the  group  A  and  group  Y 
polysaccharides.  Four  of  six  individuals  had 
serological  rises  of  group  A  antibodies  after 
their  second  contact  with  this  polysaccha- 
ride. None  of  the  seven  individuals  had  any 
rises  to  group  C  antibodies,  suggesting  no 
booster  effect  with  this  particular  polysac- 
charide. 

Discussion.  This  study  indicates  that  the 


TABLE  I.  Serum  Bactericidal  Antibody  Responses  in  Human  Subjects"  Measured  3  Weeks  after 
A  Single  Dose  of  Meningococcal  Polysaccharide  Vaccine,  Groups  A,  C,  Y.* 


Initial 

seronegatives 

Initial 

seropositives 

Vaccine  compo- 
nent 

^4  X  Rise, 
No-Aotal*" 

% 

GM** 

^4  X  Rise, 
No  ./total 

% 

GM 

Group  A 

22/22 

100 

<4 
226 

1/1 

100 

45 
181 

Group  C 

21/22 

95 

<4 
99 

0/1 

0 

20 
20 

Group  Y 

19/20 

95 

<4 

333 

1/3 

33 

333 
1024 

°  Twenty-three  individuals,  no  previous  meningococcal  vaccines. 
*  Fifty  micrograms  of  each  polysaccharide. 
'"  Number  showing  rise/total  number  tested. 
**  Geometric  mean  titer. 
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TABLE  II. 


Response  of  Vaccinees  to  Groups  A.  C,  Y  Meningococcal  Vaccine  by  Individuals 
Previously  Immunized  with  Groups  A  and/or  C  Vaccines. 

Response  to  ACY  components^ 


Previous  meningococcal 
[ndividual  vaccine ''/response^ 


Interval  (months)  before 
ACY  vaccine 


1 

C+ 

2 

A-.C+ 

3 

A+,C+ 

4 

A+/C+ 

5 

A-I-/C+ 

6 

A-/C- 

7 

A+/C+ 

26 

-»- 

27 

+ 

27 

-»- 

13 

- 

31 

+ 

19 

- 

19 

+ 

+ 

+ 

+ 


A,  C,  A/C  denotes  group  A,  group  C,  groups  A/C  combined  meningococcal  vaccines. 
Response  +  =  fourfold  or  greater  rise  in  bactericidal  antibody. 


'Ups  A,  C,  and  Y  polysaccharide  vaccine, 
ile  causing  some  mild  reactions,  is  safe 
1  clinically  acceptable. 
The  serological  conversions  induced  as  a 
ult  of  the  immunization  are  of  particular 
jrest.  A  high  percentage  of  those  individ- 
s  with  no  prior  experience  with  menigo- 
:cal  vaccines  developed  significant  levels 
bactericidal  antibodies  to  all  three  com- 
lents  of  the  vaccine.  This  suggests  an 
ependent  immune  response  to  each  pol- 
ccharide.  The  mean  antibody  level  to 
group  Y  polysaccharide  component  was 
:  different  from  that  observed  with  mon- 
ilent  group  Y  vaccines,  333  versus  359 
.  In  another  clinical  study  in  our  labora- 
y  with  group  C  vaccine,  the  mean  bacte- 
idal  antibody  titer  was  85,  which  was  not 
ferent  from  the  mean  group  C  antibody 
T  observed  in  this  study.  In  a  separate 
lical  study  with  a  new  group  A  vaccine, 
:  mean  bactericidal  antibody  level  was 
8.  Other  clinical  studies  with  A/C  com- 
led  vaccine  resulted  in  mean  bactericidal 
ibody  levels  to  the  group  A  component 
695  and  to  the  group  C  component  of 
8. 

further  evidence  of  the  independent  re- 
>nse  to  meningococcal  polysaccharide 
s  the  observation  that  individuals  with 
or  experience  with  group  A  and  group  C 
lysaccharides  developed  bactericidal  an- 
odies  to  the  group  Y  component  of  the 
^Y  vaccine. 

\  suggestion  of  a  booster  effect  was  ob- 
ved  with  the  group  A  component,  but 
:  the  group  C  component  of  the  ACY 
:cine.  A  correlation  has  been  made  be- 
;en  the  presence  of  bactericidal  antibod- 


ies and  resistance  to  meningococcal  disease 
(10).  Since  clinical  efficacy  has  been  shown 
with  polysaccharide  vaccines  of  group  A 
and  C  meningococci  (4-6)  which  induce 
antibody  levels  comparable  to  those  ob- 
served in  this  study,  it  seems  probable  that 
the  groups  ACY  polysaccharide  vaccine 
would  be  clinically  efficacious. 

Summary.  The  clinical  and  serological 
testing  of  a  groups  A,  C,  and  Y  meningococ- 
cal polysaccharide  vaccine  is  described. 
Some  minor  reactions  were  observed.  High 
levels  of  bactericidal  antibody  to  all  three 
components  were  observed  in  90%  of  the 
individuals  3  weeks  after  receiving  the  vac- 
cine. 
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ngle  injection  or  repeated  injections 
interferon  inducer  may  result  in  a 
)f  hyporeactivity  in  which  the  host 
:es  progressively  less  interferon  with 
iccessive  challenge  (15,  16,  22,  28). 
lenomenon  has  limited  the  usefulness 
rferon  inducers  in  the  treatment  of 
isease. 

;nt  studies  in  our  laboratories  have 
that  a  variety  of  mycoplasmas  in- 
I  pH-stable  interferon  following  in- 
on  of  sheep  and  human  leukocyte 
;s  in  vitro  and  that  the  lymphocyte 
s  to  be  the  active  interferon-produc- 
11.  Other  investigations  have  shown 
ycoplasmas  can  also  induce  interferon 
7  in  mice.  Further  studies  demon- 
that  mice  became  hyporeactive  to 
ron  induction  by  NDV  or  poly(I:C) 
noculation  with  viable  Mycoplasma 
dis  (5).  This  mycoplasma  species  in- 
an  acute  arthritis  in  rats  (9)  and  a 
:  arthritis  in  mice  (7).  It  has  also 
eported  to  be  immunosuppressive  in 
1, 17)  as  well  as  inhibiting  lymphocyte 
\in  vitro  (1,20,  26). 
present  investigation  was  undertaken 
ermine  whether  mycoplasma-induced 
^activity  was  specific  for  A/,  arthritidis 
further  characterize  the  mycoplasma 
nent  responsible. 

mats  and  methods.  Cultivation  ofmy- 
Ttas,  Mycoplasma  arthritidis  strain 
plO  (12)  and  M.  pulmonis  JB,  des- 
J  "TR"  (obtained  from  D-Taylor- 
>on),  were  grown  on  mycoplasma 
r  in  broth  (Difco  Laboratories,  De- 
Aich.)  supplemented  to  final  concen- 
s  of  15%  (v/v)  horse  serum,  5%  (v/ 
h  yeast  extract,  and  1000  U  of  peni- 
il  (3,  13).  Mycoplasma  pulmonis  re- 
an  additional  supplement  of  1  %  (v/ 


v)  of  a  2  mg/ml  solution  of  diphosphopyri- 
dine  nucleotide  (DPN-102,  Sigma  Chemical 
Co.,  St.  Louis,  Mo.).  Acholeplasma  laid- 
lawii  strain  BNl-Nal'  was  obtained  from  Dr. 
A.  Liss  (Storrs,  Conn.)  and  strain  1305  was 
obtained  from  Dr.  R.  N.  Gourlay  (Comp- 
ton,  Surrey,  England).  Both  acholeplasmas 
were  cultured  in  tryptose  broth  supple- 
mented with  1%  (v/v)  serum  fraction,  1% 
(w/v)  glucose,  and  1000  U  of  penicillin/ml 
(19). 

Mycoplasma  pools  were  harvested  by  cen- 
trifugation,  assayed  for  colony-forming 
units  (CFU),  and  stored  at  -70**  as  previ- 
ously described  (12).  Sonified  mycoplasma 
suspensions  were  prepared  by  washing  the 
organisms  x3  in  phosphate-buffered  saline 
(PBS),  resuspending  in  deionized  water, 
and  exposing  to  1-min  periods  of  ultrasonic 
vibration  using  a  Model  S75  Branson  soni- 
fier  until  free  of  viable  organisms.  Dilutions 
of  sonified  suspensions  were  prepared  in 
PBS. 

Crude  membranes  were  removed  from 
sonifled  suspensions  by  centrifugation  at 
20,000  rpm  using  an  SS34  rotor  (Sorvall 
RC5  centrifuge).  The  membrane  sediment 
was  resuspended  in  PBS,  washed  x3  by 
additional  centrifugation,  and  finally  resus- 
pended to  the  volume  of  the  original  myco- 
plasma suspension.  In  experiments  to  com- 
pare the  hyporeactive-inducing  ability  of 
whole  organisms,  sonified  organisms,  or 
membranes,  all  preparations  were  made 
from  aliquots  of  the  same  mycoplasma  sus- 
pension. 

Virus  cultivation.  The  Hertz  strain  of 
NDV  (Courtesy  of  Dr.  S.  Baron,  University 
of  Texas,  Galveston,  Tex.)  was  grown  in 
embryonated  chicken  eggs  and  titered  10* 
plaque-forming  units  (PFU)  in  primary 
chicken  embryo  cells  (28). 
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INTERFERON    INDUCTION    INHIBITION    IN    MICE 


Mice,  Seven-  to  eight-week-old  female 
Swiss-Webster  mice  (Simonsen  Laborato- 
ries, Gilroy,  Calif.)  were  used  throughout 
these  studies. 

Cell  culture  and  interferon  assays.  Mouse 
interferon  was  assayed  on  mouse  L  cells 
(L929,  obtained  from  the  American  Type 
Culture  Collection,  Rockville,  Md.)  grown 
in  Eagles  minimal  essential  medium  (MEM) 
supplemented  to  final  concentrations  of 
10%  (v/v)  fetal  calf  serum,  100  U/ml  of 
penicillin,  and  100  /ng/ml  of  streptomycin. 
The  50%  plaque  reduction  technique  em- 
ploying vesicular  stomatitis  virus  (VSV)  as 
the  challenge  virus  was  used  for  interferon 
assays  (21).  An  internal  mouse  interferon 
standard  consisting  of  a  known  poly(I:C)- 
induced  serum  interferon  was  included  with 
each  set  of  assays.  This  internal  standard 
was  compared  with  an  international  refer- 
ence mouse  interferon  obtained  from  the 
National  Institutes  of  Health.  The  interna- 
tional interferon  standard  (designated  titer 
of  6500  units)  titered  6847  ±  2664  units  in 
our  assay  system  (10  determinations). 

Demonstration  of  hyporeactivity  in  vivo. 
Appropriate  dilutions  of  the  mycoplasma 
suspensions  were  injected  intraperitoneally 
(ip)  in  0.2-ml  amounts  into  groups  of  three 
mice  each.  Uninjected  mice  or  mice  injected 
with  PBS  or  mycoplasma  broth  medium 
served  as  negative  controls.  For  the  demon- 
stration of  hyporeactivity  the  injected  mice 
were  challenged  with  0.2  ml  of  NDV  1,  3, 
and  6  days  later.  Mice  were  exsanguinated 
6  hr  after  inoculation  of  the  virus,  about 
the  time  of  maximum  interferon  induction 
by  NDV.  The  resulting  sera  from  each 
group  of  three  mice  were  pooled.  In  a 
previous  study  (5)  we  showed  that  inhibition 
of  interferon  induction  by  M.  arthritidis  was 
not  caused  by  an  alteration  in  the  kinetics 
of  induction  by  NDV  but  was  in  fact  due  to 
an  actual  inhibition  of  the  response.  As  a 
positive  control  for  hyporeactivity,  mice 
were  given  a  preliminary  injection  of  NDV 
and  were  rechallenged  with  NDV  1,3,  and 
6  days  later.  Prior  to  interferon  assay,  all 
serum  samples  were  treated  at  pH  2.0  for  5 
days  at  4°. 

Results.  Inhibition  of  the  interferon  re- 
sponse by  M.  arthritidis.  Lack  of  require- 
ment for  viable  organisms  and  kinetics  of 


the  hyporeactive  response.  The  ability  of 
various  concentrations  of  viable  and  nonvi- 
able, sonified  M.  arthritidis  to  induce  hypo- 
reactivity to  interferon  induction  by  NDV 
in  mice  was  compared.  The  results  are  sum- 
marized in  Table  I.  Viable  mycoplasmas 
induced  significant  hyporeactivity  at  a  con- 
centration of  5  X  10*  CPU  per  mouse  1 
and  3  days  postinoculation  (200  and  630 
units  of  interferon,  in  comparison  with  con- 
trol values  of  4800  and  3200  units,  respec- 
tively). In  contrast,  a  dose  of  5  x  10®  CPU 
per  mouse  induced  only  minimal  hyporeac- 
tivity at  1  day,  and  5x10^  CPU  per  mouse 
did  not  result  in  any  detectable  inhibition 
of  the  interferon  response  to  NDV.  In  this 
experiment,  nonviable  sonified  preparations 
of  the  same  M.  arthritidis  pool  induced  a 
more  striking  hyporeactive  effect  than  did 
the  viable  preparations.  Thus,  a  complete 
inhibition  of  the  interferon  response  (<50 
units  of  interferon)  was  apparent  1  day  after 
injection  of  5  x  10^  sonified  organisms, 
and  a  suppressed  interferon  response  was 
still  apparent  by  3  days.  A  dose  of  2  x  10*° 
disrupted  organisms  per  mouse  virtually 
eliminated  all  interferon  production  through 
6  days  (data  not  shown). 

Additional  experiments  were  conducted 
to  determine  how  soon  after  the  injection 
of  M.  arthritidis  the  hyporeactive  state  de- 
veloped. Mice  were  injected  ip  with  10* 
nonviable  sonified  or  5  x  10*  viable  suspen- 

TABLE  I.  Inhibitign  of  the  Interferon 

Response  of  Mice  to  NDV  following 

Inoculation  with  Viable  and  Nonviable  M. 

arthritidis. 


Interferon  response''  of 

mice  to  NDV  challenge, 

First  injection 

Days  after  first 

injection 

1 

3 

6 

M.  arthritidis 

5  X  10^  CFU,  viable 

4200 

5500 

4300 

5  X  10«CFU,  viable 

1400 

3200 

3200 

5  X  10»CFU,  viable 

200 

630 

3200 

5x10'  CFU.  sonified* 

<50 

800 

3200 

5  X  10«  CFU,  sonified 

200 

50 

3200 

5  X  10»  CFU  sonified 

<50 

<50 

800 

NDV,  10»PFU 

100 

<50 

1300 

Mycoplasma  broth 

4800 

3200 

3500 

"  Interferon  titers  measured  6  hr  post-NDV  injec- 
tion. 

*  Mycoplasma  counts  performed  prior  to  sonifica- 
tion. 
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(M.  arthritidis  in  PBS.  Mice  injected 
BS  served  as  negative  controls  for 
activity.  At  2,  6,  14,  or  24  hr,  mice 
ballenged  with  NDV  and  serum  was 
jd  6  hr  later  for  interferon  assays, 
itrol  for  interferon  induction  by  the 
lasmas  themselves,  additional  mice 
led  without  NDV  challenge  8  and  12 
*  injection  of  the  mycoplasmas.  These 
epresent  the  peak  of  the  interferon 
se  of  mice  to  mycoplasmas  (24).  The 
are  summarized  in  Table  II.  Sonified 
lasmas  did  not  induce  a  detectable 
ron  response  in  mice  8  or  12  hr 
ection.  The  200  units  of  interferon 
i  in  mice  by  viable  mycoplasmas  8 
tinjection  was  insufficient  to  signifi- 
alter  the  interferon  titers  resulting 
4DV  challenge  at  the  2-  and  6-hr 
eriods.  Thus  there  was  no  evidence 
Dreactivity  in  mice  2  or  6  hr  postin- 
on  with  sonified  or  viable  mycoplas- 
1  contrast,  mice  injected  14  or  24  hr 
isly  with  M.  arthritidis  exhibited  a 
i  suppression  of  the  interferon  re- 
to  NDV  challenge. 
jreactivity  induced  by  M.  pulmonis 
laidlawii.  Since  mycoplasmas  exert 
ty  of  diverse  effects  on  cell  functions 
'  and  in  vivo ,  experiments  were  next 
:ted  to  determine  whether  the  ob- 
suppression  of  interferon  induction 
arthritidis  could  also  be  obtained  by 
species  of  mycoplasma.  In  the  first 
nent,  mice  received  primary  injec- 
►f  (i)  mycoplasma  broth,  (ii)  NDV, 
.  pulmonis  JB  (1.8  x  10»  CFU),  or 
.  pulmonis  JB  (1.8  x  10«  CFU). 
cted  mice  served  as  controls.  After 
r  6  days,  all  animals  were  challenged 
IDV  and  were  exsanguinated  6  hr 
The  interferon  levels  obtained  are 


summarized  in  Fig.  1.  Mice  receiving  a 
primary  injection  of  mycoplasma  broth  pro- 
duced interferon  levels  in  response  to  chal- 
lenge with  NDV  similar  to  those  seen  in 
uninjected  mice  challenged  with  NDV. 
Mice  injected  with  NDV  produced  <50 
units  of  interferon  when  challenged  with 
NDV  1  and  3  days  later,  and  produced 
only  150  units  of  interferon  when  chal- 
lenged 6  days  later  with  NDV.  Mice  receiv- 
ing 1.8  X  10»  CFU  per  mouse  of  M.  pul- 
monis exhibited  a  marked  hy  pore  activity  to 
NDV-induced  interferon  through  3  days, 
but  appeared  normal  by  6  days.  Decreasing 
the  dose  of  M.  pulmonis  10-fold  resulted  in 
no  significant  hyporeactivity.  In  a  repeat 
experiment,  a  primary  injection  of  M,  pul- 
monis JB  (2  X  10*  CFU  per  mouse)  de- 
creased the  interferon  response  to  NDV 
from   1800  units  of  interferon  in  control 
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Fig.  1.  Effect  of  Af.  pulmonis  on  the  interferon 
response  of  mice  to  NDV.  NDV  control:  Serum  was 
collected  6  hr  after  the  ip  injection  of  NDV  into 
normal  mice.  In  the  other  groups,  mice  receiving  a 
primary  ip  injection  of  mycoplasma  broth,  NDV,  or 
1.8  X  lO*  and  1.8  x  10«  CFU  of  M.  pulmonis  strain 
JB  were  challenged  ip  1,  3,  and  6  days  later  with 
NDV.  Serum  for  interferon  assay  was  collected  6  hr 
post-NDV  injection.  The  dotted  line  represents  the 
level  of  sensitivity  of  the  assay  system,  i.e.,  50  U  of 
interferon . 


TABLE  II.  Kinetics  of  the  Hyporeactive  Response. 


Interferon  response  to 
first  injection  after 

Interferon  response"  to  NDV  challenge, 
Hours  after  first  injection 

First  injection 

8hr               12  hr 

2 

6 

14                 24 

liidis,  10»  CFU,  sonified* 
misS  X  10»  CFU,  viable 

50                 50 
200                 NT*^ 

1900 
8000 
7500 

5200 
9500 
7400 

575               226 

90               200 

NT             2300 

rferon  titers  measured  6  hr  post-NDV  injection,  i.e.,  at  8, 12,  20,  and  30  hr  post-mycoplasma  injection. 

x>plasma  counts  performed  prior  to  sonification. 

tested. 
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mice  to  130  units  after  1  day  and  710  units 
after  3  days.  By  6  days  after  injection  of  M. 
pulmonis  y  interferon  levels  increased  in  re- 
sponse to  NDV,  i.e.,  980  units.  Similar 
results  were  also  obtained  when  M.  pul- 
monis strain  TR  was  tested  for  its  ability  to 
induce  hyporeactivity. 

Experiments  were  also  conducted  using 
A.  laidlawii  strain  1305  (Fig.  2).  A  primary 
injection  of  mice  with  tryptose  broth  (used 
for  the  culture  of  A.  laidlawii)  did  not  affect 
the  ability  of  mice  to  produce  interferon  in 
response  to  a  challenge  injection  of  NDV. 
In  contrast,  primary  injections  of  NDV  and 
5  X  10*  CFU  per  mouse  of  A,  laidlawii 
resulted  in  complete  hyporeactivity  through 
3  days  to  interferon  induction  by  a  challenge 
injection  of  NDV.  When  approximately  10- 
fold  fewer  acholeplasmas  were  adminis- 
tered, hyporeactivity  was  complete  at  24 
hr,  but  only  partial  at  72  hr  postinoculation. 
The  interferon-producing  capacity  of  the 
animals  was  normal  6  days  postinoculation. 
The  experiment  was  repeated  with  A.  laid- 
lawii strain  BNl-NaK,  using  primary  injec- 
tions of  10^  or  10»  CPU/ml.  The  develop- 
ment of  hyporeactivity  followed  a  similar 
time  sequence  and  was  again  shown  to  be 
dose  dependent. 

Further  characterization  of  the  myco- 
plasma component  inducing  hyporeactivity. 
In  the  next  series  of  experiments  viable, 
sonified,  and  membrane  preparations  of  A. 
laidlawii  Nal'  and  M.  arthritidis  14124  plO 
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Fig.  2.  Effect  of  A.  laidlawii  on  the  interferon 
response  of  mice  to  NDV.  NDV  control:  Serum  was 
collected  6  hr  after  the  ip  injection  of  normal  mice  with 
NDV.  In  the  other  groups,  mice  receiving  a  primary  ip 
injection  of  tryptose  broth,  NDV,  or  5  x  10*  and  9  x 
10^  >4.  laidlawii  strain  1305  were  challenged  ip  1,  3, 
and  6  days  later  with  NDV.  Serum  for  interferon  assay 
was  collected  6  hr  post-NDV  injection. 


were  compared  for  their  ability  to  suppress 
the  interferon  response  of  mice  to  NDV. 
The  results  are  summarized  in  Table  III. 
Both  viable  and  sonified  preparations  of  ^4. 
laidlawii  and  M.  arthritidis  resulted  in  a 
decreased  interferon  response  to  NDV.  The 
crude  membrane  fractions  prepared  from 
A.  laidlawii  induced  a  striking  hyporeactive 
effect  through  6  days;  those  prepared  from 
M.  arthritidis  induced  hyporeactivity  through 
3  days. 

To  further  characterize  the  component  of 
mycoplasmas  responsible  for  hyporeactiv- 
ity, mice  were  injected  ip  with  a  sonified 
preparation  of  M.  arthritidis  14124  plO 
which  had  been  heated  to  56°  for  1  hr  or  to 
120°  for  15  min.  Mice  injected  with  a  soni- 
fied unheated  preparation  served  as  con- 
trols. The  results  are  summarized  in  Table 
IV.  In  the  first  experiment,  mice  treated 
with  unheated,  sonified  mycoplasmas  were 
markedly  hyporeactive  to  interferon  induc- 
tion in  response  to  NDV  through  3  days, 
whereas  mice  pretreated  with  heated  mate- 
rial exhibited  a  normal  interferon  response 
to  NDV  at  all  time  periods  of  challenge. 
This  observation  was  confirmed  in  the  sec- 
ond exp)eriment  since  heat  treatment  of  son- 
ified M .  arthritidis  prior  to  injection  (5  x 

TABLE  III.  Development  of  HYPOREAcnvmr  to 

Interferon  Induction  in  Mice  following  the 

Injection  of  Viable,  Sonihed,  and  Crude 

Membrane  Preparations  of  Various 

Mycoplasmas. 

Interferon  response"  to 

NDV  challenge,  Days 

after  first  injection 


First  injection 

1 

3 

6 

A.  laidlawii  N2lV 

Viable,  1.6  X  10*  CFU 

<50 

400 

600 

Sonified,     1.6     x     10* 

<50 

<50 

200 

CFU* 

Membranes  from  1.6  x 

80 

50 

70 

10»CFU 

M.  arthritidis  14124  plO 

Viable,  1.6  x  10*  CFU 

<50 

<50 

550 

Sonified,  1.6  X  10»CFU 

200 

90 

3600 

Membranes  from  1.6  x 

50 

290 

3200 

10*  CFU 

Tryptose  broth 

3000 

3200 

N-n 

Mycoplasma  broth 

1600 

3200 

NT 

**  Serum  interferon  levels  were  determined  6  hr 
post-NDV  challenge. 

*  CFU  prior  to  sonification . 
*^  Not  tested. 
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^E  IV.  Effect  of  Heat  Treatment  on  the 

FABILITY  OF  THE  HYPOREACTIVITY-InDUCING 

Component  of  M.  arthritidis. 


Interferon"  response  of 

mice  to 

NDVcI 

iiallenge. 

Days  after  the  first  injec- 

tion 

MFSt  injection 

1 

3 

6 

rthritidiSy  8   x 

10» 

50 

<50 

1900 

U,*  unheated 

rthritidis,   8   x 

10« 

4500 

6600 

9000 

U.  56°  1  hr 

rthritidis,   8    x 

10« 

4100 

7100 

6400 

U.  no**  15  min 

<50 

<50 

4500 

1 

6300 

NT^ 

NT 

I 

rthritidis,   5    x 

10» 

<50 

<50 

800 

U,  unheated 

rthritidis,   5    x 

10* 

1200 

800 

3200 

U,  56*'  1  hr 

rthritidis,  2   x 

lO'" 

<50 

<50 

70 

U,  unhealed 

rthritidis,  2   x 

10'« 

<50 

<50 

<50 

U,  56**  1  hr 

,  10»  PFU 

100 

<50 

1300 

•plasma  broth 

4800 

3200 

3500 

•um  interferon  levels  were  determined  6  hr 

)V  challenge. 

U  before  sonification. 

t  tested. 


FU  per  mouse)  markedly  decreased 
bility  of  the  preparation  to  induce 
^activity.  However,  hyporeactivity 
ot  abolished  by  heating  (56°,  1  hr) 
the  initial  injection  of  M.  arthritidis 
creased  to  2  x  10*^  CFU  per  mouse. 
:ussion.  The  present  studies  have 
that  three  biochemically  distinct  my- 
ma  species  are  capable  of  inhibiting 
terferon  response  of  mice  to  NDV. 
Med  mycoplasmas  were  also  active  in 
ng  the  hyporeactive  state,  and  the 
>lasma  component  responsible  was 
abile  and  appeared  to  be  associated 
lembranes. 
mechanism  of  the  mycoplasma-me- 
inhibition  of  the  interferon  response 
7  could  be  related  to  a  general  toxic 
on  host  functions  since  some  myco- 
as,  including  membrane  preparations, 
>een  reported  to  exhibit  toxic  proper- 
,  10,  11,  30).  However,  the  ability  of 
>lasmas  to  induce  interferon  (8,  24) 
o  the  development  of  the  hyporeactiv- 


ity state  is  not  consistent  with  this  hypothe- 
sis. 

Since  M.  arthritidis  is  known  to  inhibit 
lymphocyte  mitogenesis  and  antibody  syn- 
thesis in  vitro  by  arginine  depletion  of  cul- 
ture media  (1,  20,  26),  it  might  be  argued 
that  a  similar  mechanism  is  responsible  for 
the  immunosuppressive  and  interferon-in- 
hibiting  properties  of  M.  arthritidis  in  vivo 
(2,  5,  17).  In  the  latter  regard  it  is  relevant 
that  only  lymphocytes  produce  interferon 
in  response  to  in  vitro  infection  with  myco- 
plasmas (4).  However,  significant  arginine 
depletion  in  vivo  is  not  a  likely  event.  Our 
present  findings  that  two  glucose-utilizing 
mycoplasmas  inhibit  the  interferon  response 
in  vivo  indicates  that  another  mechanism  is 
operative. 

Recent  work  by  Stringfellow  and  Glasgow 
(29)  has  shown  that  serum  taken  froni'mice 
made  hyporeactive  to  interferon  production 
by  injection  with  encephalomyocarditis  vi- 
rus (EMC)  contains  a  factor  which  confers 
the  hyporeactive  state  to  mouse  embryo 
fibroblasts  m  vitro.  Furthermore,  this  factor 
was  distinct  from  interferon  and  was  pro- 
duced at  a  time  when  the  interferon  re- 
sponse had  abated  (27).  Preliminary  exper- 
iments in  our  laboratories  (unpublished 
data)  indicate  that  serum  taken  from  mice 
24  to  72  hr  postinoculation  with  M.  arthriti- 
dis also  contains  a  factor  which  inhibits  the 
in  vitro  interferon  response  of  mouse  em- 
bryo fibroblasts  to  NDV.  The  physicochem- 
ical  relationship  of  this  factor  to  interferon 
and  to  the  hyporeactive  factor  described  by 
Stringfellow  (27)  is  currently  under  study. 

The  finding  that  a  variety  of  mycoplasmas 
can  induce  interferon  and  hyporeactivity  to 
interferon  induction  in  vivo  clearly  provides 
the  potential  for  altered  host  susceptibility 
to  infection  with  viruses.  Thus  an  increased 
resistance  to  viral  infection  could  occur,  dur- 
ing the  early  phase  of  mycoplasma  infection 
in  which  serum  interferon  was  present.  In 
this  regard,  Fauconnier  and  Wroblewski  (8) 
presented  evidence  that  a  primary  injection 
of  mice  with  an  interferon-inducing  achole- 
plasma  species  protected  the  animals  against 
infection  with  Semliki  Forest  virus.  In  con- 
trast, a  decreased  resistance  to  viral  infec- 
tion might  occur  during  the  hyporeactive 
state  induced  by  mycoplasmas.  It  is  of  inter- 


88 


INTERFERON    INDUCTION    INHIBITION    IN    MICE 


est  that  in  certain  circumstances  mixed  my- 
coplasma/virus  infections  of  avian  (14,  23) 
and  porcine  (18)  hosts  appear  to  result  in 
more  severe  disease. 

Summary.  The  injection  of  both  viable 
and  sonified  nonviable  preparations  of  M. 
arthritidiSy  M.  pulmonis,  and  A.  laidlawii 
into  mice  suppressed  the  interferon  re- 
sponse of  the  animals  to  challenge  with 
Newcastle  disease  virus  (NDV).  The  inhibi- 
tory effect  was  dependent  upon  the  numbers 
of  organisms  injected.  The  suppression  of 
the  interferon  response  was  first  apparent 
14  hr  postinjection  and  reached  a  maximum 
1  and  3  days  postinjection.  High  doses  of 
organisms  produced  an  inhibitory  effect 
through  6  days.  The  mycoplasma  compo- 
nent responsible  for  induction  of  hyporeac- 
tivity  appeared  to  reside  in  the  membrane 
fraction  of  the  organisms.  Heat  treatment 
of  mycoplasma  preparations  abolished  the 
effect  except  at  very  high  inocula. 

We  thank  P.  H.  Wagner  and  J.  Jones  for  technical 
assistance.  This  investigation  was  supported  by  Grants 
AI  12103  and  AI  110217  from  the  National  Institutes 
of  Allergy  and  Infectious  Diseases,  and  by  Grant 
AM  02255  from  the  National  Institute  of  Arthritis, 
Metabolic  and  Digestive  Diseases.  J.  C.  Overall,  Jr., 
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in  secretion  is  greater  when  glucose 

1  orally  compared  to  intravenously 
lis  has  been  attributed  to  the  insu- 
Dic  effect  of  certain  gastrointestinal 
les  that  are  released  by  oral  glucose, 
ly,  evidence  suggests  that  a  leading 
ite  for  this  role  is  gastric  inhibitory 
ptide  (GIP),  which  is  secreted  after 
t  not  intravenous  glucose  (2,3). 
ulation  of  insulin  release  by  GIP  ad- 
ation  has  been  shown  in  vivo  (2,  4). 
vitro  stimulatory  effect  of  GIP  on 
secretion  by  the  isolated  perfused 

icreas  has  been  demonstrated  at  a 
ogic  concentration  of  GIP  (1  ng/ml), 
7  high  concentrations  (1-10  ^tg/ml) 
lecessary  to  elicit  a  modest  rise  in 
release  by  isolated  rat  islets  (5,  6). 
:he  collagenase  method  of  isolating 
lay  alter  the  plasma  membrane  and 
feet  the  responsiveness  of  these  cells, 
jstigated  GIP  action  on  cultured  islet 

rials  and  methods.  Monolayer  cul- 
)f  the  pancreas  of  2-  to  5-day-old 

rats  were  established  as  previously 
ed  (7,8).  Four  days  following  initia- 

the  cultures,  exp)eriments  were  p)er- 
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anced  salt  solution  (EBSS)  (9)  supple- 
mented with  bovine  serum  albumin  (0.25%, 
w/v).  A  2-hr  preincubation  interval  was 
followed  by  a  1-hr  incubation  in  the  test 
medium,  which  consisted  of  EBSS  with  bo- 
vine serum  albumin  and  varying  amounts  of 
glucose  (0,  1.7,  5.5,  8.3,  or  16.5  mAf), 
with  or  without  essential  and  nonessential^ 
amino  acids  (10),  and  with  gradients  of  GIP' 
(0,  1,  10,  100,  or  1000  ng/ml;  purchased 
from  Dr.  J.  C.  Brown).  All  incubations 
were  performed  at  37**  in  a  humidified  au- 
tomatic CO2  tissue  culture  incubator  with 
an  atmosphere  of  95%  air  and  5%  CO2. 

Immunoreactive  insulin  (IRI)  and  immu- 
noreactive  glucagon  (IRG)  were  measured 
by  cellulose  radioimmunoassay  (11,  12). 
Antiserum  30K  was  used  to  measure  IRG. 
All  samples  for  IRG  were  collected  in  benz- 
amidine  (final  concentration,  0.05  M)  to 
reduce  hormone  degradation,  as  previously 
reported  (12).  Results  are  expressed  as 
mean  microunits  per  milliliter  (IRI)  or  mean 
picograms  per  milliliter  (IRG)  ±  1  SD. 
Significance  was  determined  by  two-tail  Stu- 
dent's/ test. 

The  binding  of  GIP  to  cells  was  assessed 
by  an  immunoperoxidase  technique  (13). 
Cultures  were  fixed  in  Bouin's  solution  for 
2  hr,  then  sequentially  incubated  at  4°  for 
30  min  each  with  GIP  (10  ng/ml),  rabbit 
anti-GIP  serum,  and  horseradish  peroxi- 
dase-labeled  sheep  anti-rabbit  y-globulin, 
and  then  incubated  with  3,3'-diaminobenzi- 
dine  (which  served  as  substrate  for  the  p)er- 
oxidase  reaction)  and  hydrogen  peroxide 
for  45  min  at  room  temperature.  Control 
experiments  were  done  in  which  one  or 
more  of  the  components  needed  was  omit- 
ted, and  these  specimens  were  negative  for 
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staining.  In  addition,  when  rabbit  anti-GIP 
was  first  incubated  with  GIP  and  then  used, 
no  staining  occurred. 

Results.  At  16.5  mAf  glucose,  a  concen- 
tration of  GIP  as  low  as  1  ng/ml  significantly 
enhanced  IRI  release  (Table  I).  However, 
when  glucose  was  1.7  mAf,  GIP  concentra- 
tion of  10  ng/ml  or  greater  were  required 
to  increase  IRI  release  significantly.  The 
relative  stimulatory  effect  of  GIP  on  IRI 
secretion  was  greater  when  glucose  was  ele- 
vated or  when  amino  acids  were  absent. 
However,  as  shown  in  Table  II,  since  the 
amino  acid  mixture  itself  enhanced  glucose- 
stimulated  IRI  secretion,  this  may  have  ob- 
scured any  potential  additional  stimulatory 
activity  of  GIP. 

GIP  at  1  ng/ml  significantly  increased 
IRG  secretion  (Table  III).  Since  stimulation 
was  seen  even  at  glucose  mA/  16.5,  this 
action  apparently  overrides  any  suppressive 
effect  that  high  glucose  levels  may  have. 
Since  IRG  secretion  was  enhanced  by  the 
presence  of  the  amino  acid  mixture,  when 
amino  acids  were  also  present  they  may 
have  obscured  any  stimulatory  action  of 
GIP  at  a  concentration  of  1  ng/ml  (Table 
IV). 

Binding  of  GIP  to  a  minority  of  the  islet 
cell  population  was  demonstrated  in  cul- 
tures stained  with  the  immunoperoxidase 
method  (13)  following  incubation  of  the 
culture  with  GIP  (Fig.  1).  Many  of  the  islet 
cells  and  all  of  the  fibroblasts  remained 
unstained. 

Discussion.  Since  both  IRI  and  IRG  se- 
cretion by  these  islet  cultures  were  increased 
by  physiologic  amounts  of  GIP,  a  direct  in 
vitro  stimulatory  effect  of  GIP  on  the  pan- 
creatic islet  has  been  demonstrated.  Previ- 
ously, physiologic  concentrations  of  GIP 
were  shown  to  stimulate  IRI  secretion  by 
the  perfused  rat  pancreas,  but  very  high 
and  excessive  concentrations  were  needed 
to  increase  IRI  release  by  isolated  islets  (5, 
6).  This  difference  may  be  attributable  to 
damage  to  GIP  receptors  when  islets  are 
isolated  by  the  collagenase  method.  This  is 
based  upon  the  reported  lack  of  inhibition 
of  IRI  secretion  by  somatostatin  when  ex- 
amined in  islets  isolated  by  the  collagenase 
method  (14). 

In   preliminary   reports,   stimulation   by 


TABLE  L  Effect  of  Amino  Acids  on  GIP- 
Stimulated  IRI  Release  (/iU/ml  ±  SD)." 


Glucose 

GIP  (ng/ 

With  amino 

Without 

(mAf) 

ml) 

acids» 

amino  acids*^ 

1.7 

0 

104  ±  8 

79  ±  10 

1.7 

1 

106  ±  13 

89  ±  10 

1.7 

10 

148  ±  19'* 

117  ±22' 

1.7 

100 

214  ±43'' 

181  ±  16*'' 

1.7 

1000 

283  ±  36*'* 

- 

16.5 

0 

141  ±  13 

130  ±  29 

16.5 

1 

173  ±  21* 

220  ±  29*' 

16.5 

10 

309  ±  47'*' 

381  ±  38'** 

16.5 

100 

536  ±  76»** 

757  ±  93*'* 

16.5 

1000 

741  ±  65'** 

- 

°  P  (compared  to  GIP,  0  ng/ml):  (•)  <0.05,  (**) 
<0.01 ,  (•♦•)  <0.001 .  N  =  4  in  all  groups. 

^  EBSS  supplemented  with  Eagle's  amino  acids 
(10). 

"-  EBSS  only. 

TABLE  II.  Effect  of  Amino  Acid 

Supplementation  on  Glucose-Stimulated  IRI 

Release. 


IRI  release  with  amino 

Glucose 

acids" /IRI  release  with- 

(mA/) 

out  amino  acids^ 

/>' 

1.7 

1.15 

NS 

5.5 

1.11 

NS 

8.3 

1.33 

<0.01 

16.5 

1.50 

<0.01 

°  EBSS  supplemented  with  Eagle's  amino  adds 
(10). 

*  EBSS  only. 

^  With  amino  acids  vs  without  amino  acids. 

GIP  of  IRG  secretion  has  been  found  both 
in  vivo  in  man  and  in  vitro  with  perfused  rat 
pancreas  (15,  16).  Our  findings  also  support 
these  observations.  Furthermore,  this  effect 
was  not  suppressible  by  high  glucose  con- 
centrations. Both  IRI  and  IRG  release  are 
modulated  by  the  presence  of  an  amino 
acid  mixture,  which  also  affects  the  relative 
stimulatory  effect  of  GIP  on  these  cultures. 
Interaction  between  glucose  and  amino 
acids  has  been  previously  shown  for  both 
IRI  and  IRG  secretion  by  the  perfused 
pancreas  (17).  Furthermore,  we  have  indi- 
rect evidence  from  the  studies  reported  here 
that  GIP  may  interact  with  a  minority  sub- 
population  of  islet  cells  (Fig.  1). 

In  pancreatic  monolayer  cultures,  the  se- 
cretion and/or  localization  of  several  hor- 
mones has  been  reported.  These  include,  in 
addition  to  insulin  (B  cell)  and  glucagon  (A 
cell),  gastrin  (D  cell?)  (18),  somatostatin 
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TABLE  ill. 

Effect  of  GIP  on  IRG  Release  (pg/ml-^SD)." 

Experiment  1* 

Experiment  2'  1 .7 
mAf  Glucose 

Experiment  3*"  16.5 
mAf  Glucose 

ig/ml) 

1 .7  mAf  Glucose 

16.5  inAf  Glucose 

0 

547  ±  110 
653  ±  162 
862  ±  48* 

400  ±0 
547  ±  55* 

852  ±  33'' 

230  ±  38 
420  ±  78* 
568  ±  125*' 

230  ±  12 
305  ±  78* 
455  ±  30** 

ompared  to  GIP,  0  ng/ml):  (•)  <0.01,  (••)  <0.001. 

3  in  all  groups. 

4  in  all  groups. 


.E  IV.  Effect  of  Amino  Acids  on  GIP- 
TED  IRG  Release  (pg/ml±SD)  at  8.3  mAf 
Glucose." 


N 


No 
amino 
acids^ 


N 


With 
amino 
acids' 


3  110  ±15 

4  146  ±  16* 
4        207  ±  15** 


173  ±  13 
193  ±  13 
340  ±  36** 


ompared  to  GIP.  0  ng/ml):  (•)  <0.05.  (•♦) 

S  only. 

S  supplemented  with   Eagle's  amino  acids 


)  (10),  secretin  (cell  type?)  (20),  and 
itic  polypeptide  (cell  type?)  (21). 
tained  by  specific  immunocytochem- 
thods,  the  majority  of  the  islet  cells 
e  cultures  appears  to  be  B  cells, 
er,  when  localization  of  exogenous 
is  assessed  by  the  methods  used  in 
'estigation,  only  a  small  minority  of 
X  cells  was  stained,  suggesting  that 
Ms  are  either  A  or  D  cells,  although 
;  by  a  subgroup  of  B  cells  is  not 
id.  If  the  former  is  correct,  then  the 
of  GIP  on  IRI  secretion  may  not 
ia  a  direct  action  upon  the  B  cells. 
Endings  suggest,  therefore,  that  GIP 
t  first  on  a  cell  type  other  than  the  B 
id  its  action  on  IRI  release  is,  in 
ediated  through  this  effect.  This  may 
>ugh  direct  cell-to-cell  gap  junctions 
r  may  be  humorally  mediated, 
immunoperoxidase  method  used  in 
dies  reported  here  is  less  sensitive 
lie  peroxidase-antiperoxidase  tech- 
)f  Stemberger  et  al.  (23).  Using  the 
lethod  and  its  much  greater  sensitiv- 
have  recently  observed  the  presence 
^  in  the  A  cells  of  the  unperfused 
dl  and  adult  rat  pancreas  as  well  as 
cells  of  4-day-old  monolayer  cultures 


of  pancreas  from  2-  to  5-day-old  neonatal 
rats  (24).  Although  GIP  has  been  recently 
reported  to  inhibit  the  action  of  glucagon  in 
rat  adipocytes  by  competing  with  binding  of 
glucagon  to  rat  adipocyte  receptors  (25), 
we  have  observed  in  the  studies  using  the 
peroxidase-antiperoxidase  method  that 
when  GIP  antiserum  was  incubated  with 
glucagon  prior  to  use,  staining  was  still  seen. 
Although  the  immunocytochemical  findings 
reported  here  and  our  more  recent  obser- 
vations with  the  peroxidase-antiperoxidase 
method  may  appear  contradictory,  there  is 
a  plausible  explanation.  Since  the  relative 
sensitivities  of  the  two  methods  are  so  dif- 
ferent, when  islets  are  maintained  in  tissue 
culture  for  several  days,  much  of  the  GIP 
within  the  A  cells  may  become  depleted  to 
levels  undetectable  by  the  less  sensitive  pro- 
cedure, but  upon  addition  of  exogenous 
GIP,  that  which  is  bound  can  be  shown. 
However,  with  the  peroxidase-antiperoxi- 
dase technique,  we  can  demonstrate  even 
low  amounts  of  GIP.  Thus,  a  tentative  ex- 
planation for  these  findings  is  that  exoge- 
nous GIP  may  not  only  bind  to  A  cells  but 
may  also  be  taken  up  by  these  cells,  presum- 
ably by  endocytosis  (26).  An  alternative 
explanation  is  that  A  cells  may  actually 
synthesize  GIP. 

Summary,  Physiologic  amounts  of  GIP 
stimulated  the  secretion  of  IRI  and  IRG  by 
monolayer  cultures  of  neonatal  rat  pan- 
creatic islets.  Localization  of  exogenous 
GIP  to  a  minority  subpopulation  of  the  islet 
cells  was  observed.  The  results  may  be 
interpreted  to  indicate  that  the  effect  of 
GIP  on  IRI  release  by  the  B  cell  is  not 
direct,  but  rather,  is  mediated  through  its 
action  on  another  islet  cell  type.  Con- 
versely, the  action  of  GIP  on  IRG  release 
may  be  directly  mediated  through  an  effect 
of  GIP  on  the  A  cell.  The  action  of  GIP  on 
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Fig.  1.  Photomicrograph  showing  staining  with  the  immunoperoxidase  technique  (13)  following  incubation 
of  the  culture  with  GIP.  Strong  staining  is  seen  over  one  cell  within  the  islet  group,  and  lighter  staining  over  two 
additional  cells.  The  surrounding  fibroblasts  as  well  as  the  remaining  islet  cells  are  unstained,  x  400. 


IRG  release  apparently  overrides  any  sup- 
pressive effect  that  high  glucose  levels  may 
exert.  The  stimulation  by  GIP  of  both  IRI 
and  IRG  release  was  greater  when  a  mixture 
of  amino  acids  was  omitted. 

We  thank  Ms.  J.  Teague  and  Ms.  C.  Nist  for  their 
excellent  technical  assistance. 
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There  has  been  much  interest  in  the  pos- 
sible role  of  intestinal  bacteria  in  the  etiol- 
ogy of  colon  cancer  (1,  2).  Coombs  et  al. 
(3)  suggested  that  full  aromatization  of  the 
bile  acid  nucleus  would  potentially  yield  a 
carcinogen  metabolite  based  on  cyclopenta- 
phenanthrene.  Goddard  et  al.  (4)  demon- 
strated the  presence  in  the  human  fecal 
flora  of  nuclear  dehydrogenating  Clostridia 
(NDC)  which  are  capable  of  partially  aro- 
matizing a  sterol  nucleus. 

Hill  et  aL  (5)  reported  that  a  higher 
percentage  of  colon  cancer  patients  had 
fecal  NDC  than  did  control  patients.  How- 
ever, Finegold  et  al.  (6)  found  no  difference 
in  counts  of  Clostridium  paraputrificum,  an 
organism  capable  of  nuclear  dehydrogena- 
tion,  between  patients  with  polyps  and  con- 
trols. Similar  results  were  obtained  by 
Moore  and  Holdeman  (7)  who  showed  that 
clostridial  species  are  more  numerous  in  the 
fecal  floras  of  Africans,  a  low-risk  popula- 
tion, than  in  the  patients  with  polyps.  Stud- 
ies by  Mastromarino  et  al.  (8)  indicate  that 
species  of  Clostridium,  although  not  the  C. 
paraputrificum  group,  constituted  a  rela- 
tively greater  percentage  of  fecal  flora  in 
patients  with  colon  cancer. 

The  methods  used  by  Hill  et  al.  (5)  for 
the  isolation  of  NDC  were  different  from 
those  used  by  Mastromarino  et  al.  (8), 
Finegold  et  al.  (6),  and  Moore  and  Holde- 
man (7).  The  experimental  techniques  of 
Hill  et  al.  (5)  involved  freezing  the  fecal 
specimens  in  glycerol  soon  after  collection 
and  performing  NDC  analysis  at  a  later 
time,  whereas  methods  used  by  Finegold  et 
al.  (6),  Moore  and  Holdeman  (7),  and 
Mastromarino  et  al.  (8)  required  fresh  sam- 
ples. 

Freezing  may  be  selective  for  NDC  and 
thus  accounts  for  the  ability  of  Hill  et  al. 
(5)  to  show  a  correlation  between  colon 
cancer  and  NDC.  We  have,  therefore,  in- 
vestigated the  effect  of  freezing  of  fecal 


samples  upon  isolation  of  NDC. 

Methods  and  Materials.  Fecal  samples 
were  obtained  in  the  New  York  Metropoli- 
tan area  from  healthy  control  persons  and 
from  patients  with  colon  cancer  and  other 
colonic  diseases.  All  of  the  subjects  were 
eating  a  typical  mixed  Western  diet.  The 
feces  were  placed  in  a  Gas  Pack  container 
(BBL)  immediately  after  voiding  and  ar- 
rived under  an  anaerobic  atmosphere  at  the 
laboratory  for  processing  within  3  hr  of  the 
time  that  they  were  passed.  Feces  were 
processed  under  oxygen-free  conditions  in 
the  laboratory.  After  thorough  mixing  of 
the  fecal  sample  to  obtain  a  homogenous 
sample,  approximately  1.0  g  wet  wt  of  the 
fecal  homogenate  was  suspended  in  9.0  ml 
of  glycerol  broth  (9).  One  milliliter  of  the 
suspension  was  removed,  serially  diluted, 
and  plated  on  egg  yolk  lactose  sugar  (10). 
All  dilutions  were  done  under  a  gas  mixture 
of  10%  C02:5%  H2:85%  N„  and  egg  yolk 
plates  were  incubated  under  a  30%  COi. 
70%  H2  atmosphere  (10).  The  remainder 
of  the  glycerol  broth  suspension  was  frozen 
and  stored  at  -20°  for  2-3  weeks  before 
processing.  After  thawing  at  room  temper- 
ature, the  frozen  sample  was  processed  in 
the  same  manner  as  the  fresh  samples.  Sev- 
eral colonies,  one  colony  of  each  morpho- 
logical type  or  five  colonies  per  plate, 
whichever  yielded  the  highest  number  of 
colonies,  were  selected  for  determination 
of  nuclear  dehydrogenation  ability.  Colo- 
nies, after  restreaking  on  egg  yolk  agar, 
were  inoculated  into  Todd  Hewitt  broth 
and  incubated,  using  the  modification  of 
Goddard  et  al.  (4),  with  5)8-androsten-3,17- 
dione  (Sigma)  as  the  substrate  and  menadi- 
one (Sigma)  as  the  electron  acceptor.  The 
cultures  were  extracted  with  chloroform  and 
analyzed  by  thin-layer  chromatography  on 
silica  gel  GF  plates,  using  solvent  system  A 
(benzene-dioxane-acetic  acid  100:10:1),  as 
described  by  Aries  etal.  (11).  Fluorescence- 
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fig  spots  corresponding  in  location 
rosten-3,17-dione  were  eluted  from 
es  and  the  uv  absorption  spectrum 
jrmined,  using  a  Beckman  DG-GT 
>hotometer.  Only  if  the  material  had 
-ption  maximum  of  240  nm,  charac- 
of  androstene,  was  the  organism 
s  being  capable  of  nuclear  dehydro- 
1. 
:s.  Freezing  the  fecal  samples  in  the 

broth  medium  affected  both  the 
id  number  of  organisms  obtained 
I  suspension.  Lecithinase  activity  in 
Tcsh  samples  was  very  pronounced 
jgg  yolk  agar.  Because  of  overlap- 
nes  of  lecithinase  activity,  lecithin- 
tive  and  lecithinase-negative  colo- 
Id  not  be  differentiated.  After  freez- 

number  of  lecithinase-positive  or- 

was  greatly  reduced,  with  most 
having  no  lecithinase-producing 
►  present.  If  lecithinase-producing 
;  were  present,  they  were  a  minor 
rent  of  only  1  to  5%  of  the  total 
J  on  the  plate.  The  number  of  col- 
[ning  units  was  also  reduced  by 
;  by  a  factor  of  20-  to  50-fold.  In 
/here   there  was  a  change   in   the 

of  different  types  of  colonies,  as 
ipon  morphology,  freezing  resulted 
crease  in  morphological  types  rather 
a  decrease . 

I  was  also  a  greater  frequency  of 
ri  of  nuclear  dehydrogenating  bacte- 
1  frozen  as  compared  to  fresh  stool 
»,  as  shown  in  Table  I.  This  table 
he  number  and  percentage  of  per- 
>m  whom  NDC  have  been  isolated 
I  number  of  persons  in  whom  no 
/ere  detected.  In  comparing  results 
esh  samples  and  the  same  samples 
jezing  and  thawing,  there  is  a  signif- 
crease  in  the  number  and  percentage 
3ns  from  whom  NDC  were  isolated 
I).  The  mean  concentration  of  NDC 
I  from  fresh  feces  is  2.4  x  10^  bacte- 
et  wt  and  1.3  x  10^  bacteria/g  wet 
1  frozen  samples. 

nies  most  likely  to  possess  nuclear 
[)genation  activity  were  flat  irregu- 
3und  colonies  the  color  of  which 
matched  that  of  egg  yolk  agar  me- 
nd a  round  concave  colony  with  a 


TABLE  I.  Comparison  of  Nuclear 

Dehydrogenating  Clostridia  in  Fresh  and 

Frozen  Stool  Samples" 


NDC* 


NDC 


NDC(%) 


Fresh** 
Frozen*"-* 


11 


11 

2 


15 
85 


"  NDC*:  Number  of  persons  from  whom  NDC 
were  isolated;  NDC  :  number  of  persons  from  whom 
no  NDC  were  isolated.  NDC  (%):  percentage  of  group 
who  harbor  NDC. 

*  Sample  assayed  fresh  upon  arrival  in  laboratory. 
*"  Sample  assayed  after  freezing  in  glycerol  broth. 

*  Significantly  different  by  x^  test,  P  <  0.0005. 

bright  pink  color.  Not  all  colonies  matching 
these  descriptions  proved  to  be  capable  of 
dehydrogenating  the  androstan  substrate 
used  for  assay  purposes. 

Discussion,  Several  changes  occurred  as 
a  result  of  freezing  fecal  samples  in  glycerol 
broth.  There  was  a  20-  to  50-fold  decrease 
in  the  number  of  colony-forming  units,  leci- 
thinase activity  was  virtually  eliminated,  and 
there  was  an  increase  in  the  frequency  of 
isolation  of  NDC  from  the  primary  egg  yolk 
agar  plates.  The  lecithinase-producing  bac- 
teria appear  to  be  very  sensitive  to  freezing. 
Although  the  NDC  were  not  completely 
resistant  to  freezing,  they  were  more  resist- 
ant to  freezing  than  were  many  of  the  other 
bacteria  present  in  the  fresh  samples.  Thus, 
freezing  appears  to  be  selective  for  NDC, 
resulting  in  a  higher  frequency  of  isolation 
of  NDC  after  freezing. 

Too  little  data  have  been  collected  at  this 
time  to  form  any  conclusions  about  the 
effect  of  freezing  upon  correlation  of  NDC 
and  colon  cancer.  We  have  found  that  freez- 
ing affects  the  frequency  of  isolation  of 
NDC  and  are  continuing  to  collect  data  to 
determine  how  freezing  and  NDC  correlate 
with  incidence  of  colon  cancer. 

Summary.  Fresh  and  frozen  human  fecal 
specimens  were  used  for  the  isolation  of 
nuclear  dehydrogenating  Clostridia  (NDC). 
The  total  bacterial  count  and  the  number  of 
lecithinase-positive  bacteria  were  lower  in 
frozen  samples  than  in  fresh  samples,  but 
the  frequency  of  isolation  of  NDC  from 
frozen  specimens  was  higher  than  from  fresh 
specimens. 

This  work  was  supported  by  NCI  grant  16382 
through  the  National  Large  Bowel  Cancer  Project. 
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Variables  Influencing  Urinary  PCO2  during  NaHCOa  s^nd  Water  Loading 
in  Normal  Man  (39999) 
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on.  During  bicarbonate  diuresis 
ubjects,  urinary  carbon  dioxide 
O2)  is  considerably  greater  than 
>lood  because  in  the  distal  neph- 
i  of  dehydration  of  the  intralu- 
nic  acid  generated  as  a  result  of 
gen  ion  secretion  is  insufficiently 
mit  CO2  equilibration  (1-9). 
s  recognized  that,  in  addition  to 
)n  secretion,  several  factors  in- 
le  pH,  flow  rate,  and  bicarbon- 
>sphate  levels  influence  urinary 
-6,  9-18),  there  is  uncertainty 
their  relative  importance  and 
iships.  The  present  paper  re- 
sults of  multiple  regression  anal- 
elationship  between  urinary  pH, 
^),  bicarbonate  and  phosphorus 
>n  (Uhco3  2ind  Up,  respectively) 
>n  rates  (Uhcos^  ^^^  IJpV,  re- 
and  urinary  /7CO2  in  normal 
ittempt  to  clarify  the  relative  in- 
lese  variables  on  urinary  pC02. 
and  methods.  Thirteen  studies 
rmed  in  12  healthy  out-patient 
ages  21-51  years.  Nine  were 
three  were  female.  None  had 
aboratory  evidence  of  renal,  en- 
cardiovascular  disease  and  all 
inga  regular  diet, 
lay  of  the  study,  5%  NaHCOg 
istered  orally  in  a  dose  of  2 
of  body  weight.  This  was  given 
5  min  with  an  amount  of  water 
>  make  the  total  fluid  intake  500 
vas  then  collected  under  oil  by 
s  voiding  at  20-  to  30-min  inter- 
urine  pH  exceeded  7.4,  two  or 
jr  urine  collections  were  made 
srmination  of  the  maximal  urine 
►lood  PCO2  difference.  This  was 
jre  a  consistently  highly  alkaline 


urine,  thus  avoiding  misleading  elevations 
of  urine  pCOa  due  to  mixing  of  acid  and 
alkaline  urine  in  the  urinary  passages. 

Immediately  after  measurement  of  the 
maximal  difference  between  blood  and  ur- 
ine CO2  tension,  seven  of  the  subjects  rap- 
idly ingested  20  ml/kg  body  weight  of  water 
to  obtain  data  extending  over  a  wide  range 
of  urinary  flow  rates,  pH,  and  urinary  bicar- 
bonate and  phosphorus  levels.  Urine  was 
collected  serially  every  20  to  30  min  (ap- 
proximately six  observations  per  subject) 
for  2-3  hr.  Arterial  blood  was  not  obtained 
after  water-loading. 

Written  informed  consent  was  obtained 
from  each  subject  after  explanation  of  the 
details  of  the  procedures  and  any  potential 
risks.  The  research  was  carried  out  accord- 
ing to  the  principles  outlined  in  the  Decla- 
ration of  Helsinki  and  was  approved  by  the 
Human  Experimentation  Committees  of  the 
University  of  Miami  and  the  Miami  Vet- 
erans Administration  Hospital.  No  adverse 
effects  occurred. 

Determination  of  the  pH  and  /7CO2  of 
blood  and  urine  was  completed  within  5 
min  of  collection  on  a  radiometer  Acid- 
Base  Cart  ABC-1.  All  urine  and  venous 
blood  samples  were  measured  for  concen- 
trations of  sodium,  potassium,  phosphorus, 
and  creatinine.  In  addition,  the  presence  of 
glucose  and  protein  was  evaluated  by  re- 
agent-impregnated plastic  strips;  neither 
was  present  in  any  of  the  samples  tested. 
The  analytical  methods  and  calculations  em- 
ployed in  our  laboratory  have  been  de- 
scribed previously  (19,  20). 

Statistical  analysis.  Statistical  evaluation 
of  the  data  was  performed  using  both  stan- 
dard bivariate  Pearson  correlations  and 
multiple  regression  analysis  with  a  Univac 
1106  at  the  computer  center  of  the  Univer- 
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sity  of  Miami.  The  multiple  regression  linear 
model  (>'  =  flijc,  +  a^2  +  ^»x^3  +  '  '  '  +  ^) 
used  was  selected  from  a  statistical  package 
for  the  social  sciences  (SPSS)  (21).  Using 
the  hierarchical  method,  R^  change  gives 
the  component  of  variation  attributable  to 
the  particular  variable  added  in  that  step; 
the  F  ratio  rates  the  independent  influence 
of  each  variable  when  all  variables  have 
been  introduced  into  the  equation. 

Results.  The  mean  values  of  the  variables 
influencing  urinary  pCOa  (UPCO2)  follow- 
ing oral  NaHCOa  administration  and  prior 
to  water-loading  are  given  in  Table  I.  The 
maximal  difference  between  urinary  and 
arterial  blood  pCOg  was  47  ±  2  (SE)  mm 
Hg,  and  arterial  PCO2  averaged  41  ±  2 
mm  Hg. 

When  the  data  of  the  pre-  and  post-water- 
loading  periods  were  pooled  (51  observa- 
tions, 13  subjects),  bivariate  Pearson  cor- 
relation analysis  (Table  II)  showed  a  posi- 

TABLE  I.  Response  TO  NaHCOa-LoADiNC." 


Mean  ±  SE 

Range 

U/7CO2  (mm  Hg) 

88  ±2 

78-102 

Arterial  pCO^  (mm  Hg) 

41  ±  2 

35-46 

\J-AipCO2     (max)     (mm 

47  ±  2 

32-59 

Hg) 

Urine  pH 

7.84  ±0.03 

7.63-7.98 

Urine  Flow  (ml/min) 

1.7  ±  0.2 

0.8-2.6 

Uhco,  (/iequiv/ml) 

168  ±  12 

76-249 

Uhco,^  (/utequiv/min) 

274  ±  35 

82-457 

Up  (ptg/ml) 

367  ±  87 

36-1179 

UpV  (Mg/min) 

566  ±  132 

55-1650 

Qr*  (ml/min) 

140  ±  12 

100-216 

"  Values  prior  to  water-loading  at  the  time  of  the 
maximal  urine  to  arterial  blood  pCO..  difference  (N  = 
13). 

*  Determined  from  the  average  of  three  to  five 
collection  periods. 

TABLE  11.  Bivariate  Pearson  Correlation 

Analysis  between  UpCOs  and  Variables 

Assumed  to  Influence  \JpCO2." 


r 

P  value 

UPCO2  vs  UpH 

OJl 

<0.001 

UpCO,  vs  U„co3 

0.88 

<0.001 

UpCO^vs  U„c(>,V 

0.45 

<0.001 

\JpCO.  vs  Up 

0.53 

<0.001 

UPCO2  vs  V 

-0.69 

<0.001 

U/7CO2  vs  UpV 

-0.15 

>0.2 

\}pCO,  vs  Ccr 

-0.12 

>0.2 

tive  correlation  between  UpC02  an 
Uhco,i  UhcOsV",  and  Up,  and  a  1 
correlation  with  V  (P  <  0.001  J 
There  was  no  correlation  between 
and  UpV  or  creatinine  clearance, 
loading  following  bicarbonate-loa( 
lowed  analysis  of  the  variables  ovei 
range  of  urine  flow  rate,  pH,  and  b 
ate  and  phosphate  levels.  Figure 
the  scattergrams  illustrating  these  1 
ships. 
The  individual  regression  lines  of 

on  V,  UpH,  Uhco3>  ^"^  ^p  ^^^  ^^ 
subjects  that  underwent  water-loa( 
shown  in  Fig.  2.  The  overall  treni 
individual  patients  was  in  the  dire 
the  changes  indicated  in  Table  11  i 
1.  Analysis  of  covariance  showed 
cally  significant  differences  betweer 
dividual  slopes  only  in  the  case  of 
on  Up  and  Uhcoj. 

Multiple  regression  analysis  (Ta 
indicated  that  Uhcos  (^  ratio  11. 
0.005)  and  Up  (F  ratio  7.1,  P  < 
were  the  only  variables  having  a  si^ 
independent  influence  on  \JpC02- 
analysis,  baseline  and  post-water 
observations  were  pooled.  The  F  r 
the  overall  equation  was  30.1  (P  < 


"  Pooled  data  of  pre  (at  the  time  of  the  maximal 
urine  to  arterial  blood  PCO2  difference)-  and  post- 
water-loading  periods. 


IM  2SI  SM  ISN 

«HC03  (nEd/iJi  »P  'l«l/«nl' 

Fig.  1 .  Relationship  between  urinary  ca 
ide  tension  (UpCOj)  and  urinary  pH  (Uj 
flow  rate,  and  urine  bicarbonate  (Uhco,) 
phorus  (Up)  concentrations.  The  data  of 
periods  following  water-loading  were  poole 
baseline  values  obtained  at  the  time  of  det< 
of  maximal  U-ApCOa  (51  observations,  13 
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S      7      9     U     13    IS 

URIIIE  Flow  ml/mn 
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17    U    U    13    15    7.7    7J 

UpN 


Up(|ii/inl) 

Fig.  2.  Individual  regression  lines  of  VpCOt  on  V,  UpH,  UHcoa*  ^"^  ^p  ^^r  the  seven  subjects  that 
underwent  water-loading.  Analysis  of  covariance  showed  statistically  significant  differences  between  the  individual 
slopes  only  in  the  case  of  UpCOz  on  Up  and  Uhcos- 


TABLE  III.  Multiple  Regression  Analysis  of  Factors  Affecting  Urinary  PCO2." 


^HCO> 

/xequiv/ml 


Up 
Mg/ml 


UhCOs*^ 

^quiv/min 


Or 

ml/min 


UpH 


V 
ml/min 


Mg/min 


Range 
/?*  change* 
F  ratio*^ 


4-249 
0.77 

11.6 

<0.005 


36-1179 

0.03 

7.1 
<0.025 


40-455 

0.02 

4.0 

NS". 


69-232 
0 

3.2 

NS 


6.66-7.98 

0 

0.4 

NS 


0.8-17 

0 

0.3 

NS 


55-1650 

0 

0 

NS 


"  Pre-  and  post-water-loading  data  pooled  (only  46  observations  were  included  because  Qr  was  not  available 
in  fwc  HfO  loading  periods  in  one  patient). 

*  R*  change  indicates  the  component  of  variation  attributable  to  the  particular  variable  added  in  that  step 
(hierarchical  method). 

<*  F  ratio  and  corresponding  P  value  rate  the  variables  as  to  their  independent  influence  when  all  variables 
have  been  introduced  into  the  equation. 

**  Not  statistically  significant  (P>  0.05). 


The  regression  equation  (UpC02  =  0.13 
Uhco3  +  002  Up  -  0.06  Ccr  +  0.04  Uhcos^ 
-  4.9  UpH  -  0.3  K  +  96)  derived  from 
the  data  obtained  in  our  patients  predicts 
the  values  of  urinary  pC02. 
Discussion.  There  are  very  few  detailed 


data  available  in  the  literature  concerning 
the  maximal  urine  to  blood /7CO2  difference 
in  normal  subjects  (20,  22).  In  the  present 
study,  the  response  to  oral  NaHCOg-loading 
was  evaluated  in  13  studies  in  12  healthy 
subjects,  and  the  findings  confirm  and  am- 
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plify  those  of  Halperin  et  al.  (22)  and  are  in 
agreement  with  our  earUer  observations 
(20). 

Seven  of  the  subjects  underwent  oral 
water-loading  immediately  following  deter- 
mination of  maximal  U-A/7CO2.  Using 
standard  bivariate  analysis  a  positive  corre- 
lation was  noted  between  \JpCO2  and 
Uhco,,  Uhco3^'  UpH,  and  Up,  and  an  in- 
verse correlation  betwen  U/7CO2  and  V, 
over  a  wide  range  of  urine  flow  rates,  pH, 
and  bicarbonate  and  phosphorus  levels  (Ta- 
ble II).  Multiple  regression  analysis  sug- 
gested that  urinary  bicarbonate  and  phos- 
phorus concentrations  were  the  predomi- 
nant influences  on  UpC02  and  that  the 
independent  influences  of  the  other  varia- 
bles including  UpK,  Hhcos^*  ^^^  ^  ^^rc 
small.  It  is  important  to  point  out,  however, 
that  multiple  regression  analysis  as  utilized 
in  this  study,  like  other  similar  statistical 
techniques,  can  only  indicate  significant  cor- 
relations between  variables  and  cannot 
prove  a  cause  and  effect  relationship. 

Since  the  recent  suggestion  that  U- 
ApC02  can  be  used  as  a  sensitive  qualitative 
index  of  distal  nephron  hydrogen  ion  secre- 
tion (22),  there  has  been  an  upsurge  of 
interest  both  in  man  (20,  23-25)  and  exper- 
imental animals  (15-18,  26-28)  in  the  de- 
termination of  urinary  /7CO2  during  alkali- 
loading. 

According  to  Halperin  et  al.  (22),  when 
the  intraluminal  pH  is  greater  than  that  of 
the  arterial  blood  neither  back-diffusion  nor 
gradient  limitation  of  hydrogen  ion  secre- 
tion is  operative  when  the  urinary  PCO2 
fails  to  increase  appropriately  after  alkali 
administration.  These  investigators,  there- 
fore, have  interpreted  the  finding  of  low 
U-ApC02  in  patients  with  distal  renal  tu- 
bular acidosis  (RTA)  as  indicative  of  de- 
creased formation  of  H2CO3  (and  defective 
cellular  hydrogen  ion  secretion).  In  con- 
trast, the  supranormal  bicarbonate  7^  noted 
in  some  patients  with  classical  distal  RTA 
(29)  and  the  finding  that  these  patients  tend 
to  excrete  less  bicarbonate  than  alkali- 
loaded  controls  suggested  to  Sebastian  et 
al.  (23)  that  H2CO3  generation  is  not  abnor- 
mal in  this  setting.  Rather,  these  investiga- 
tors suggested  that  rapid  back-diffusion  of 
H2CO3  accounts  both  for  the  low  U-A/7CO2 


and  for  obliteration  of  the  dise( 
pH  which  facilitates  bicarbonate 
tion  (23).  Sebastian  et  al.  (23 
therefore,  that  the  distal  luminal  i 
allows  hydrogen  ion  back-diffus 
the  pH  of  the  luminal  contents  i 
H2CO3  back-diffusion  when  the  p 
This  explanation,  however,  has  I 
cized  by  Stinebaugh  et  al.  since  th 
demonstrated  that  the  presumed 
of  the  distal  tubular  disequilibrii 
carbonic  anhydrase  infusion  did  nc 
tubular  reabsorption  of  bicarbona 

The  urinary  PCO2  is  influenced 
variables  in  addition  to  distal  tubu 
gen  ion  secretion  (2, 4-6,  9-18).  I 
that  elevated  urine  pH  and  bicarb 
phosphate  levels,  and  low  urine 
to  increase  urinary  /7CO2.  Thus,  ' 
forming  bicarbonate-loading  studi 
detection  of  defects  of  distal  tubul 
cation  it  is  desirable  that  these  va 
comparable  in  the  control  and  exp 
groups.  Bicarbonate  serves  as  the 
for  H2CO3  generation  (1-3),  anc 
gen  phosphate  (H2PO4")  delays 
dration  of  H2CO3  (13,  31)  and 
hydrogen  ion  which  back-titrates 
bonate  in  low- flow,  bicarbonate- 
(6). 

Several  investigators  have  show 
maximal  elevation  of  XipCOt  is  ; 
with  high  urinary  bicarbonate  le^ 
10,  11)  and  that  urinary /7CO2  te 
elevated  when  phosphate  levels 
either  spontaneously  (11)  or  follo' 
sions  of  phosphate  (4,  5,  11).  Ai 
tends  to  increase  the  UpC02  o 
urine  (6,  10,  11),  perhaps  by  inert 
concentration  of  buffer  and  bic 
thus,  facilitating  the  back-titrati< 
latter  as  the  pH  rises  (6).  The  fi 
the  present  study  using  bivariat< 
(Table  II)  are  in  good  agreement ' 
concepts,  since  they  show  that  I 
flow  rate  and  high  urinary  levels 
phate  and/or  bicarbonate  are  i 
with  higher  urinary  CO2  tension. 
Henderson-Hasselbalch  equation 
that  under  steady-state  conditions 
urine  pH  is  relatively  fixed,  the  pi 
be  directly  related  to  the  bicarbo 
centration,  it  was  expected  that  the 
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>rrelation  between  urinary  /7CO2  and 
3nate  concentration  in  the  present 
Multiple  regression  analysis  was  help- 
»wever,  in  assessing  the  influence  on 
f  pCOt  of  the  various  other  variables 
very  wide  range  of  values  produced 
nbined  bicarbonate  and  water-load- 

pite  the  above-mentioned  studies,  the 
5  influence  of  urine  flow  and  urinary 
late  and  bicarbonate  levels  on  urinary 
is  unclear.  During  bicarbonate-load- 
I  elevated  urinary  /7CO2  obtains  with 
nt  levels  of  bicarbonate  excretion  (4, 
id  Thirakomen  et  al.  (33)  have  stated 
ry  low  bicarbonate  excretion  in  bicar- 
-loaded  experimental  animals  with 
inferior  vena  cava  constriction  does 
pear  to  limit  the  rise  in  urinary  PCO2. 
ough  Kennedy  et  aL   (11)  demon- 

a  direct  correlation  between  /7CO2 
ffer  concentration  in  the  urine,  other 

are  in  conflict  with  this  notion.  Port- 
?/  aL  (4)  demonstrated  that  urinary 
during  NaHCOa  diuresis  can  greatly 

the  /7CO2  of  the  arterial  blood  even 
urinary  phosphorus  (buffer)  is  very 
id  Dorman  et  al.  (2)  showed  that  a 
inarypC02  can  occur  in  the  presence 
;ry  low  phosphate  buffer  concentra- 
•  excretion  rate.  Portwood  et  al.  (4) 
ded  that  the  excretion  of  buffer,  al- 

influencing  urine  CO2  tension  to 
extent,  has  only  a  minor  effect  in  the 
)f  buffer  excretion  ordinarily  encoun- 

Moreover,  Thirakomen  et  al.  (33) 
y  demonstrated  in  bicarbonate-loaded 
ith  maximally  alkaline  urine  that  the 
ion  of  urinary  PCO2  was  uninflu- 
by  urinary  phosphate  concentrations, 
authors  suggested  that  when  urine  is 
ally  alkaHne  almost  all  phosphate  is 
HPO4*"  form  and  that,  as  a  conse- 
:,  its  buffer  effect  (and  thus  its  influ- 
1  urinary /7CO2)  is  minimal, 
ough     several     investigators     have 

an  inverse  relation  between  urine 
ind  flow  rate  (6,  10,  11),  Rector  et 
and  Portwood  et  al.  (4)  also  demon- 

that  \JpCO2  can  remain  elevated 

high  urine  flow  rates  as  long  as 
(and  presumably  distal  delivery  of 

remains  high. 


The  findings  in  the  present  paper  are  in 
agreement  with  other  studies  suggesting  that 
urinary  bicarbonate,  and  to  a  lesser  extent, 
urinary  phosphate  concentrations  are  the 
important  determinants  of  the  CO2  tension 
of  alkaline  urine.  In  the  range  of  values 
noted,  V,  Uhcoj^*  UpV,  and  creatinine 
clearance  appeared  to  have  no  important 
independent  influence  on  urinary /7CO2. 

Summary.  In  the  present  study  the  rela- 
tive influence  of  several  variables,  other 
than  distal  renal  tubular  hydrogen  ion  secre- 
tion, on  urinary  PCO2  was  evaluated.  Thir- 
teen studies  were  conducted  in  12  healthy 
volunteers  aged  21-51  years  who  received 
2  mequiv/kg  body  weight  of  NaHCOa  or- 
ally. When  urine  pH  exceeded  7.4,  urinary 
/7CO2  and  arterial  blood  /7CO2  were  mea- 
sured. The  maximal  difference  between  ur- 
ine and  arterial  blood  /7CO2  was  47  ±  2 
(SE)  mm  Hg.  In  order  to  obtain  data  ex- 
tending over  a  wide  range  of  urine  flow 
rates,  pH,  and  bicarbonate  and  phosphorus 
levels,  seven  subjects  subsequently  ingested 
20  ml/kg  body  weight  of  water.  Bivariate 
Pearson  analysis  (pre-  and  post-water-load- 
ing data  pooled)  showed  a  positive  correla- 
tion between  UpC02  and  the  following  var- 
iables: UpH  (r  =  0.77),  Uhco  ('"  =  0.88), 
U„co,V  (r  =  0.45),  and  Up  (r  =  0.53)  (P 
<  0.001  for  all).  A  negative  correlation 
was  obtained  between  \JpCO2  and  V  (r  = 
-0.69,  P  <  0.001).  Muhiple  regression 
analysis  suggested  that  Uhco3  ^^^  ^p  ^^^^ 
the  predominant  influences  on  \JpCO2  and 
that  the  independent  influences  of  the  other 
variables  were  small  and  not  statistically 
signiflcant. 
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oval  of  the  ovaries  in  rats  results  in 
ed  adrenal  secretion  of  the  principal 
)lites  of  corticosterone  (5a-dihydro- 
sterone,  DHB;  and  3)3,5a-tetrahy- 
ticosterone,  THB)  with  a  proportion- 
in  the  production  of  corticosterone 
'e  recently  reported  that  the  pineal 
modifies  the  elevated  rate  of  DHB 
IB  formation  observed  after  ovariec- 
[2).  Secretion  of  these  metabolites 
s  after  pinealectomy  and  proportion- 
tput  of  corticosterone  is  restored  in 
id  in  vitro.  Administration  of  mela- 
n  vivo  reverses  the  effects  of  pineal- 
'  by  stimulating  the  secretory  rate  of 
ind  THB  with  a  concomitant  decline 
portionate  output  of  corticosterone 
idrenal  effluent  (3).  These  changes 
jdiated  by  changes  in  adrenal  5  a- 
ise  activity.  Pinealectomy  suppresses 
ise  activity  whereas  melatonin  stimu- 
ctivity  of  the  enzyme.  The  indole  is 
'  effective  in  hypophysectomized  and 
^ctomized  rats  (3).  Thus,  melatonin 
ntly  does  not  require  participation  of 
terior  pituitary  gland  or  the  pineal 
or  its  effects  on  adrenocortical  func- 
has  often  been  presumed  (4).  The 
t  investigation  defines  more  clearly 
set  action  of  melatonin  by  incubating 
J  adrenal  tissue  with  the  indole. 
rials  and  methods.  Female  Long-Ev- 
s  were  maintained  under  a  constant 
eriod  of  12-hr  light:  12-hr  dark.  A 
ature  of  22  ±  0.5°  was  maintained, 
y  42  of  age  rats  were  rapidly  decapi- 
►etween  0830  and  0930  hr,  adrenals 
jmoved  and  placed  in  ice-cold  Krebs- 
bicarbonate  solution  (KRB).  Adre- 

ported  by  USPHS  Grant  AM-03370  from  the 

tdoctoral  Fellow  in  Endocrinology  supported 
ly  NIH  Grant  1F02-HD0555.  Present  address: 
lent  of  Physiology,  Medical  College  of  Geor- 
;usta,  Georgia  30902. 

1 


nal  5  a- reductase  activity  was  assayed  in 
whole  adrenal  homogenates.  Adrenal  tissue 
was  incubated  in  air  at  37°  with  25  fig  of 
corticosterone  in  a  final  volume  of  0.25  ml 
for  60  min.  Details  of  reaction  mixture  and 
other  procedures  have  been  presented  (4). 
Rate  of  disappearance  of  added  steroid  was 
determined  by  the  loss  of  fluorescence, 
shown  previously  to  coincide  with  the  for- 
mation of  5a-reduced  metabolites  (1,  6). 
Adrenal  slices  were  incubated  at  37°  in  2 
ml  of  KRB  under  an  atmosphere  of  95% 
©2-5%  CO2.  After  a  30-min  preincubation 
period,  the  medium  was  discarded.  Fresh 
KRB  was  added  for  a  final  incubation  of  60 
min. 

Melatonin  and  serotonin  was  added  to 
incubation  media  to  achieve  a  final  concen- 
tration of  45  nmole/ml.  A  corresponding 
volume  of  saline  vehicle  was  added  to  the 
control  incubates.  After  incubation,  media 
of  both  homogenates  and  slices  were  ex- 
tracted with  chloroform,  and  corticosterone 
was  measured  by  acid  fluorescence  (7).  To- 
tal corticosteroid  production  was  evaluated 
by  the  blue  tetrazolium  reaction  which  is 
positive  for  steroids  and  an  a-ketol  side 
chain  (8).  In  one  experiment  corticosterone 
and  its  principal  metabolites,  5a-dihydro- 
corticosterone  (DHB)  and  3/3,5a-tetrahy- 
drocorticosterone  (THB),  were  measured 
specifically  by  competitive  protein  binding 
assay  (9)  subsequent  to  isolation  by  paper 
chromatography  (10).  Identification  and 
homogeneity  of  these  compounds  have  been 
established  by  paper  chromatography,  thin- 
layer  chromatography,  infrared  spectros- 
copy (1),  and  mass  spectrometry  (10). 

Procedures  of  statistical  analysis  were  se- 
lected according  to  comparisons  planned  for 
each  experimental  design  (11).  Bartlett's 
test  was  used  to  evaluate  homogeneity  of 
variance  and  log  transformations  were  made 
when  indicated.  Multiple  comparisons  with 
control  values  were  made  by  the  Dunnett 
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test,  and  single  comparisons,  by  Student's  / 
test.  The  Behrens-Fisher  modification  of 
the  latter  was  used  when  heterogeneity  of 
variance  was  encountered. 

Results.  Adrenal  5a-reductase  activity 
(Table  I)  is  stimulated  by  incubating  adrenal 
homogenates  in  the  presence  of  melatonin. 
Total  steroid  secretion  by  adrenal  slices  is 
also  enhanced  without  a  specific  change  in 
corticosterone  secretion.  Consequently  pro- 
portionate secretion  of  corticosterone  de- 
clined. 

The  next  experiments  were  designed  to 
ascertain  whether  serotonin  mimicked  the 
in  vitro  effects  of  melatonin.  Table  II  indi- 
cates that  serotonin  has  no  effect  on  adrenal 
5a-reductase  activity  but  the  stimulatory 
effect  of  melatonin  is  reproduced.  Mela- 
tonin specifically  enhances  adrenal  slice  se- 
cretion of  the  principal  reduced  metabolites 
of  corticosterone  (DHB  and  THE)  with  a 
concomitant  decline  in  corticosterone  out- 
put (Table  III).  Proportionate  secretion  of 
corticosterone  is  likewise  reduced.  Sero- 
tonin is  entirely  ineffectual  in  altering  these 
parameters. 

Discussion.  In  1970  Giordano  e/ a/.  (12) 
found  that  the  melatonin  impaired  adrenal 
homogenate  production  of  A4-3-ketoste- 
roids.  Although  the  mechanism  mediating 
this  defect  was  unclear,  they  determined 
that  it  was  not  due  to  alterations  in  A5,3/3- 
hydroxysteroid  dehydrogenase  activity.  Our 
findings  extend  these  observations  to  pro- 
vide the  mode  of  action.  Melatonin  enhances 
secretion  of  A  ring-reduced  metabolites  by 
direct  stimulation  of  5a-reductase  activity. 
This  can  account  for  the  observed  decline 
in  A4-3-ketosteroids  without  corresponding 
alterations  in  A5,3)8-hydroxysteroid  dehy- 
drogenase activity.  However,  in  our  hands 
the  effect  of  melatonin  on  corticosterone 


production  per  se  is  variable;  corticosterone 
output  was  not  altered  by  melatonin  in  one 
experiment  (Table  I)  but  was  greatly  dimin- 
ished in  another  (Table  III).  The  basis  for 
the  variability  is  unclear.  Nevertheless, 
presence  of  melatonin  consistently  resulted 
in  decremental  changes  in  proportionate 
output  of  corticosterone  which  are  specifi- 
cally associated  with  increased  secretion  of 
DHB  and  THB.  The  identical  alterations  in 
corticosteroidogenesis  also  occur  when  me- 
latonin is  administered  in  vivo  to  intact  rats 
or  subsequent  to  pinealectomy,  ovariec- 
tomy, or  hypophysectomy  (3).  Thus,  mela- 
tonin exerts  its  effects  directly  on  the  adre- 
nal cortex  rather  than  being  mediated  by 
secondary  influences.  This  implies  that  me- 
latonin-specific  receptors  may  exist  in  the 
adrenal.  Kopin  and  co-workers  (13)  found 
the  turnover  rate  of  melatonin  in  the  adre- 
nal to  be  about  one-half  that  of  other  organs 
which  is  consistent  with  existence  of  specific 
receptors.  In  addition  90-95%  of  the  mela- 
tonin taken  up  by  the  adrenal  is  localized  in 
the  microsomal-cell  sap  fraction.  Such  con- 
ditions provide  adequate  opportunity  for 
melatonin-reductase  interaction  since  the 
enzyme  is  specifically  localized  in  the  micro- 
somal fraction  (14).  The  mechanism  by 
which  melatonin  stimulates  activity  of  this 


TABLE  II.  In  Vitro  Effects  of  Melatonin  and 
Serotonin  on  Adrenal  So-Reductase  Acnvnr." 


Reductase  activity* 


Saline  (7) 
Melatonin  (8) 
Serotonin  (8) 


0.06  ±  0.20 
2.01  ±  0.56* 
0.22  ±0.51 


°  Values  are  means  ±   SE.  Number  of  animals 
indicated  within  parentheses. 

*  Micrograms  of  corticosterone  reduced  per  10  mg 
adrenal  weight  per  hour. 

•  Mean  differs  from  control  value,  P  <  0.05. 


TABLE  I.  In  Vitro  Effects  of  Melatonin  on  Adrenal  Steroidogenesis" 


Reductase  activity* 


Corticosterone  se-      Total  steroid  secre-      Corticosterone/to- 
cretion^  tion^  tal  steroids  (%) 


Saline  (10) 
Melatonin  (10) 


0.55  ±  0.28 
2.12±0.40*'» 


3.1  ±0.6 
4.6  ±0.5 


6.9  ±  0.9 
12.4  ±2.6* 


55.3  ±  3.3 
35.3  ±  8.3* 


°  Values  are  means  ±  SE.  Number  of  animals  indicated  within  parentheses. 

*  Micrograms  of  corticosterone  reduced  per  10  mg  adrenal  weight  per  hour. 
^  Micrograms  per  mg  adrenal  weight  per  hour. 

•  Means  differ  from  control  value,  P  <  0.05. 
••  Means  differ  from  control  value,  P  <  0.01 . 
•••  Means  differ  from  control  value,  P  <  0.001 . 
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i\BLE  III.  In  Vitro  Effects  of  Indoleamines  on  Steroidogenesis  in  Adrenal  Suces.'' 


nent 


Corticosterone  se- 
cretion* 


Dihydrocorticoster- 
one  secretion* 


Tetrahydrocorticos- 
terone  secretion* 


Corticosterone/total 

steroids 

(%) 


0 

in  (8) 
in  (8) 


3.90  ±  0.81 
1.95  ±0.26* 
3.41  ±  0.81 


2.72  ±  0.37 
3.51  ±  0.29* 
2.11  ±  0.31 


0.35  ±  0.03 
0.50  ±  0.07* 
0.43  ±  0.06 


47.7  ±3.1 
33.1  ±  2.7*** 

54.8  ±  3.2 


;  are  means  ±  SE.  Number  of  animals  indicated  within  parentheses, 
rrams  per  100  mg  adrenal  weight  per  hour, 
larger  than  control  value,  P  <  0.05. 
I  smaller  than  control  value,  P  <  0.025. 
XI  smaller  than  control  value,  P  <  0.005. 


is  unknown.  It  probably  involves 
nent  of  protein  synthetic  mecha- 
ce  cycloheximide  prevents  the  rise 
:ase  activity  after  hypophysectomy 
elatonin  appears  to  be  a  potent 
►r  of  adrenal  Sof-reductase  activity, 
latory  effect  stands  in  striking  con- 
1  all  other  hormones  so  far  studied, 
prolactin,  GH,  testosterone,  and 
inhibit  5a-reductase  activity  (1,6, 
whereas  melatonin  is  the  only  hor- 
lown  to  exert  a  stimulatory  influ- 

zry.  The  effects  of  melatonin  and 
I  on  adrenal  steroidogenesis  were 
Adrenals  were  obtained  from  42- 
intact  female  Lx)ng-Evans  rats 
ed  under  a  photoperiod  of  12-hr 
tir  dark.  Tissue  slices  and  homoge- 
re  incubated  in  the  presence  of  45 
1  of  melatonin  or  serotonin.  Mela- 
mulates  reductase  activity.  As  a 
mce  secretion  rates  of  dihydrocor- 
ne  and  tetrahydrocorticosterone  in- 
ith  a  concomitant  decline  in  propor- 
»ecretion  of  corticosterone.  Sero- 
5S  not  alter  any  of  these  parameters 
al  steroidogenesis.  ACTH,  prolac- 
»  testosterone,  and  estradiol  have 
in  known  to  inhibit  Sof-reductase 
The  stimulatory  influence  of  mela- 
nds  in  striking  contrast  to  the  ef- 
hese  hormones. 

client  technical  assistance  of  Mrs.  Nancy  L. 
id  Miss  Melba  Hughston  is  gratefully  ac- 
J.  Special  thanks  are  also  extended  to  Mrs. 
>herd  for  preparation  of  the  manuscript. 


1.  Kitay,  J.  I..  Coyne,  M.  D.,  Swygert,  N.  L.,  and 
Gines,  K.  E.,  Endocrinology  89,  565  (1971). 

2.  Ogle,  T.  F.,  and  Kitay,  J.  I.,  Endocrinology  98, 
20(1976). 

3.  Ogle,  T.  F.,  and  Kitay,  J.  I.,  Neuroendocrinology 
23,113(1977). 

4.  Cardinali,  D.  P.,  Nagle,  C.  A.,  and  Rosner,  J. 
M.,  Gen.  Comp.  Endocrinol.  26,  50  (1975). 

5.  Ogle,  T.  F.,  and  Kitay,  J.  I.,  J.  Endocrinol.  63, 
489(1974). 

6.  Kitay,  J.  I.,  Coyne,  M.  D.,  and  Swygert,  N.  L., 
Endocrinology  87, 1257  (1970). 

7.  Guillemin,  R.,  Clayton,  G.  W.,  Lipscomb,  H.  S., 
and  Smith,  J.  D.,  J.  Lab.  Clin.  Med.  53,  830 
(1959). 

8.  Nowaczynski,  W.,  Goldner,  M.,  and  Genest,  J., 
J.  Lab.  ain.  Med.  45, 818  (1955). 

9.  Murphy,  B.  E.  P.,  J.  Qin.  Endocrinol.  27,  973 
(1967). 

10.  Colby,  H.  D.,  and  Kitay,  J.  I.,  Endocrinology  91, 
1523(1972). 

11.  Bliss,  C.  E.,  "Statistics  in  Biology,"  Vol.  2.  Mc- 
Graw-Hill, New  York  (1967). 

12.  Giordano,  G.,  Balestreri,  R.,  Jacopino,  G.  E., 
Foppiani,  E.,  and  Bertolini,  S.,  Ann.  Endocrinol. 
(Paris)  31, 1071  (1970). 

13.  Kopin,  I.  J.,  Pare,  C.  M.  B.,  Axelrod,  J.,  and 
Weissbach,  H.,  J.  Biol.  Chem.  236,  3072  (1961). 

14.  Caffrey,  J.  L.,  and  Kitay,  J.  I.,  Fed.  Proc.  32, 
255  (1973). 

15.  Kitay,  J.  I.,  Coyne,  M.  D.,  and  Swygert,  N.  L., 
Proc.  Soc.  Exp.  Biol.  Med.  137,  229  (1971). 

16.  Kitay,  J.  I.,  Coyne,  M.  D.,  Newsome,  W.,  and 
Nelson,  R.,  Endocrinology  77,  902  (1965). 

17.  Kitay.  J.  I..  Coyne,  M.  D.,  and  Swygert,  N.  L., 
Endocrinology  89,  432  (1971). 

18.  Witorsch,  R.  J.,  and  Kitay,  J.  I.,  Endocrinology 
91,764(1972). 

Received  June  24,  1977.  P.S.E.B.M.  1978,  Vol.  157. 


piocEcoiNos  or  THE  SOCIETY  Pot  ExrcRiMEraAL  bioijOoy  and  medicine  157,106-109(1978) 


Antenatal  Diagnosis  of  Cretin  Lambs  by  Measurement  of  Amniotic  Fluid 

Thyrotropin^  (40001) 

DOROTHY  R.  HOLLINGS WORTH,*  STEVEN  L.  DAVIS,t  INDER  J.  CHOP 
ROBERT  P.  BELIN,*  and  MARION  C.  REID* 

*  Department  of  Pediatrics,  University  of  Kentucky  Medical  Center,  Lexington,  Kentucky  40506,  t  Departr, 
Animal  Industries ,  University  of  Idaho,  Moscow,  Idaho  83842,  and  X  Department  of  Medicine ,  Universi 
California  at  Los  Angeles,  Center  for  Health  Sciences,  Los  Angeles,  California  90024 

Documentation  of  fetal  hyper-  or  hypo-      eral  noncommunicating  uterine  horn  s 


thyroidism  before  birth  by  measurement  of 
amniotic  fluid  thyroxine  (T4)  iodine  by  col- 
umn or  triiodothyronine  (T3)  by  radioim- 
munoassay (1,2)  has  been  difficult.  Persist- 
ent, long-term  postnatal  effects  of  insuffi- 
cient (3,  4)  or  excessive  (5)  levels  of  thyrox- 
ine in  utero  have  been  described  in  children. 
Since  these  developmental  problems  may 
not  be  fully  reversed  by  treatment  after 
birth,  the  search  continues  for  feasible  di- 
agnostic measures  to  detect  thyroid  disor- 
ders in  utero.  These  experiments  were  un- 
dertaken in  sheep  to  investigate  the  possibil- 
ity that  amniotic  fluid  thyrotropin  (AJTSH) 
and  3, 3 ',5 '-triiodothyronine  (reverse  T3; 
rTg)  levels  might  reflect  fetal  hypothyroid- 
ism. 

Materials  and  methods.  Nine  crossbred 
Hampshire,  Suffolk,  and  Rambouillet  ewes 
with  dated  matings  were  obtained  from  the 
University  of  Kentucky  Ovine  Research 
Farm  and  maintained  at  environmental  tem- 
peratures of  22-24**  with  free  access  to 
water  and  Purina  Omolene  grain  containing 
iodized  salt.  In  utero  fetal  thyroidectomy 
was  performed  in  six  pregnant  ewes  at  50- 
93  days  of  gestation  by  the  microsurgical 
technique  previously  described  (2).  Com- 
pleteness of  thyroidectomy  was  assessed  in 
all  experimental  animals  by  later  postmor- 
tem dissection  and  histological  examination 
of  serial  sections  of  the  neck.  Eleven  normal 
lambs  were  studied  as  controls.  These  in- 
cluded four  twin  pregnancies  in  which  only 
one  fetus  was  subjected  to  thyroidectomy, 
with  the  nonoperated  twin  in  the  contralat- 

'  Supported  in  part  by  Grant  CRBS-299  from  the 
National  Foundation  March  of  Dimes  and  USPHS 
Grants  AMI 61 55  and  HD07830.  Presented  in  part  at 
the  Southern  Society  for  Pediatric  Research,  New 
Orleans,  Louisiana,  January  31 ,  1976. 


as  a  control.  In  the  three  remaining 
nancies  in  which  no  fetal  thyroidec 
were  performed,  there  were  two  s 
normal  twin  lambs  and  one  set  of  i 
triplets. 

At  the  time  of  surgery  amniotic  flu 
aspirated  preoperatively  from  each  nc 
municating  horn  of  all  animals  for  TS 
and  T3  determinations.  At  Caesarea 
tion  amniotic  fluid  was  aspirated  ^ 
18-gauge  needle  by  amniocentesis 
each  uterine  horn  before  rupture  of 
branes  and  delivery.  In  two  pregr 
with  cretin  lambs  (one  twin  pair  w 
unoperated  control)  and  three  norma 
nancies  (seven  animals  including  two 
twins  and  one  set  of  triplets),  rTa  de 
nations  were  also  performed. 

Delivery  was  accomplished  by  Cae 
section  at  term  (143-147  days  in  this 
under  general  anesthesia.  Neonatal  j 
blood  was  drawn  after  cord  cutting 
10-60  min  of  delivery  for  TSH,  rl 
and  T4  determinations.  Timing  of  ne 
hormone  measurements  in  twins  was 
5  min  in  control  and  experimental  ar 

T4  was  measured  by  the  method  c 
sler  and  Pileggi  (6),  whereas  T3  was 
mined  by  the  method  of  Larsen  (7) 
measurements  were  done  by  the  met 
Borger  and  Davis  (8).  The  concentrai 
rTg  was  measured  in  ethanol  extr 
amniotic  fluid  by  a  previously  des 
radioimmunoassay  (9,  10).  Cortisol 
in  amniotic  fluid  were  determined 
method  of  Mattingly  (11)  in  five  i 
and  two  cretin  lambs.  P  values  for  sta 
analysis  of  the  data  were  obtained  t 
dent's  r  test. 

Results.  Completely  thyroidectc 
lambs  showed  the  cretinoid  habitus 
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lescribed  (2).  When  thyroidectomy 
s  than  total,  partial  cretins  had  milder 
:a  of  congenital  hypothyroidism  (2). 
e  I  summarizes  the  thyroid  hormone 
yrotropin  findings  in  amniotic  fluid 
ed  at  term,  and  in  neonatal  lamb 
immediately  after  delivery. 
liotk  fluid  studies.  Amniotic  fluid  ob- 
at  surgery  during  the  middle  third  of 
ncy  did  not  contain  measurable 
tsofTSH,rT3,T3,orT4. 
srm,  very  low  levels  of  T4  were  found 
nial  animals  (range,  0.8-2.8  /xg/dl) 
etins  (range,  0.1-1.0  /xg/dl).  The 
nee  was  significant  {P  <  0.05),  but 
J  in  the  two  groups  prevented  diag- 
accuracy. 

as  not  detectable  in  our  assay  system 
n  in  any  pregnancy.  Reverse  T3  in 
regnancies  in  two  cretin  animals  and 
»rmal  controls  was  <10  ng/dl.  In  one 
pregnancy  with  three  normal  animals 
evel  of  13  ng/dl  of  rTs  was  measured 
jotic  fluid  from  one  uterine  horn  and 
^dl  from  fluid  in  the  contralateral 
t  horn  containing  two  fetuses. 
'SH  was  present  in  low  levels  (mean, 
^ml)  in  10  normal  animals  at  term.  In 
St,  four  cretin  animals  had  a  mean 


AFTSH  value  of  54  ng/dl. 

At  postmortem  examination  two  addi- 
tional cretin  lambs  (28B  and  234A)  had 
tiny  thyroid  remnants  (ca.  one-quarter  nor- 
mal size).  In  both  instances  AFTSH  was 
higher  in  these  partial  cretins  than  in  their 
normal  twins  (9.3  vs  2.9  ng/ml  in  28B  and 
28A,  4.1  vs  0.7  ng/ml  in  234A  and  234B; 
see  Table  I). 

Amniotic  fluid  Cortisol  measurements 
were  obtained  at  term  in  five  normal  and 
two  cretin  pregnancies.  The  mean  values  of 
1 .6  fjLg/dl  in  normals  and  1 .3  /xg/dl  in  cretins 
were  similar. 

Thyroid  hormones  and  thyrotropin  in  neo- 
natal lamb  serum.  Normal  newborn  lambs 
within  60  min  of  Caesarean  section  had  a 
mean  T4  level  of  5.4  /xg/dl  as  compared 
with  only  1 .2  /xg/dl  in  cretin  animals.  Aside 
from  one  partial  cretin  (234A)  with  a  level 
of  4.1  fjLgl dl  (small  thyroid  remnant  was 
found  at  autopsy  in  this  case),  four  athyrotic 
cretins  and  one  partial  cretin  had  T4  meas- 
urements of  <1 .0  fjLgJdl  at  birth. 

T3  in  normal  lambs  ranged  from  <25  to 
293  ng/dl  10-60  min  after  birth,  with  a 
mean  of  1 14  ng/dl.  In  contrast,  in  all  cretin 
lambs  values  were  <70  ng/dl,  with  a  mean 
value  of  37  ng/dl.  There  was  overlap  in  the 


VBLE  I.  Amniotic  Fluid  and  Newborn  Serum  Studies  of  Thyroid  Function  in  Lambs  after 
Total  or  Incomplete  Thyroidectomy  in  Utero . 


Amniotic  Fluid 

Serum 

TSH(ng/ 

^r 

'"'d^ 

Cortisol 

ml) 

(Mg/dl) 

TSH  (ng/ml) 

T4(Mg/dl) 

fT,  (ng/dl) 

T,  (ng/dl) 

3.7 

1.6 

<10(7) 

1.6(6) 

1.9(11) 

5.4(11) 

511  (8) 

114(11) 

(10)- 

(9) 

0.73 

0.32 

2.5 

0.2 

0.29 

0.51 

43 

28 

yroidec- 

y 

117 

0.8 

__ 



210 

0.9 

_ 

25 

13 

0.7 

<10 

1.3 

472 

0.8 

<10 

27 

63 

0.2 

<10 

1.3 

443 

0.4 

<10 

30 

21 

0.6 

— 

— 

592 

0.6 

— 

45 

;tc    thy- 

Icctomy 

9.3 

1.0 

— 

— 

136 

0.7 

— 

29 

2.9 

0.9 

_ 

_ 

2.4 

4.9 

— 

161 

J  twin 

4.1 

0.1 

_ 

_ 

16 

4.1 

_ 

69 

0.7 

0.1 

— 

— 

2.1 

4.9 

— 

58 

J  twin 

<0.01* 

<0.05 

NS 

NS 

<0.005 

<0.005 

<0.005 

<0.1 

ibers  of  determinations  are  in  parentheses. 

Jues  compare  normal  animals  with  those  confinned  to  have  total  thyroidectomy. 
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two  groups,  and  the  difference  between 
them  was  not  significant  (P  <  0.1). 

Serum  rTa  levels  were  measured  in  two 
cretin  lambs  and  found  to  be  <10  ng/dl. 
Eight  normal  lambs  had  very  high  levels  of 
serum  rTa  at  birth,  ranging  from  400  to  740 
ng/dl,  with  a  mean  of  511  ng/dl  {P  < 
0.005).  The  high  rTa  levels  in  normal  new- 
bom  lambs  were  in  sharp  contrast  to  the 
mean  ewe  rTa  level  of  50  ng/dl  (range,  24- 
85  ng/dl)  in  simultaneously  drawn  samples 
from  the  maternal  jugular  vein. 

TSH  levels  were  low  in  normal  lambs 
immediately  following  Caesarean  section 
(mean,  1.9  ng/ml).  This  was  in  marked 
contrast  to  the  mean  value  of  312  ng/ml  in 
cretin  lambs  (P  <  0.005). 

All  athyrotic  lambs  and  one  animal  with 
incomplete  thyroidectomy  (28B)  died  of 
pulmonary  failure  on  the  day  of  birth  in 
spite  of  intensive  neonatal  care.  Lamb  234 A 
(partial  thyroidectomy)  died  on  Day  1  dur- 
ing cardiac  function  studies. 

Discussion.  Previous  studies  in  sheep 
have  shown  minimal  maternal-to-fetal  trans- 
fer of  T4  and  T3  (12-14).  Chopra  et  al. 
have  reported  significant  levels  of  rTa  in 
human  cord  blood  and  in  serum  of  normal 
newborn  lambs  (9,  15).  It  has  not  been 
previously  possible  to  document  congenital 
hypothyroidism  antenatally  in  human  in- 
fants or  lambs  by  measurement  of  decreased 
T3  or  T4  in  amniotic  fluid  (1,  2).  Measure- 
ments of  T4  in  amniotic  fluid  have  not  been 
clearly  diagnostic  because  of  the  low  levels 
normally  present,  and  T3  is  not  detectable 
in  human  or  ovine  amniotic  fluid  with  pres- 
ent assay  methods. 

In  newborn  lambs  the  higher  serum  T3 
values  after  cord  cutting  may  reflect  the 
alteration  in  T4  to  T3  conversion  and  the 
TSH  surge  which  occur  within  the  first  hour 
of  life  (16). 

These  studies  were  undertaken  in  our 
well-established  model  for  cretin  lambs  with 
the  hope  that  AFTSH  and  rT3  might  provide 
a  useful  diagnostic  tool  for  antenatal  thyroid 
diagnosis.  Unexpectedly,  rTs  was  not  found 
in  ovine  amniotic  fluid.  Ovine  amniotic  fluid 
was  clearly  very  different  from  human  am- 
niotic fluid  with  respect  to  rT3  concentra- 
tion. Very  high  levels  of  rT3  were  found, 
however,  in  the  serum  of  normal  newborns. 


as  observed  previously  (15).  Similarly,  as 
expected,  serum  rT3  levels  were  found  to 
be  very  low  (undetectable)  in  two  newborn 
cretin  lambs.  One  of  these  animals  had  a 
normal  twin  in  the  contralateral  horn.  This 
newborn  lamb  had  a  serum  rTs  level  of  470 
ng/dl  at  birth.  The  reasons  for  differences 
in  rT3  concentration  in  ovine  amniotic  fluid 
compared  to  human  amniotic  fluid  are  not 
clear.  There  is  a  significant  difference,  how- 
ever, in  placentation  between  sheep  and 
man.  The  sheep  placenta  consists  of  a  group 
of  separate  cotyledons  instead  of  a  single 
mass  of  placental  tissue.  The  information 
so  far  available  does  not  suggest  a  major 
difference  in  T4  monodeiodination  between 
man  and  sheep  (15). 

In  contrast,  significantly  elevated  levels 
of  AFTSH  clearly  predicted  the  birth  of 
athyrotic  lambs.  The  findings  in  twins  were 
particularly  impressive,  and  in  four  in- 
stances AFTSH  clearly  distinguished  the 
severely  hypothyroid  fetus.  In  two  lambs 
with  incomplete  thyroidectomy,  AFTSH 
levels  were  higher  than  those  in  their  normal 
twins.  When  sufficient  residual  thyroid  tis- 
sue was  present  to  provide  a  normal  neo- 
natal serum  T4  level  (lamb  234A),  amniotic 
fluid  values  were  less  helpful  diagnostically 
than  neonatal  serum  TSH  levels.  Amniotic 
fluid  TSH  levels  correlated  with  the  severity 
of  hypothyroidism. 

Summary.  Elevated  TSH  levels  are  highly 
reliable  in  predicting  neonatal  lamb  hypo- 
thyroidism. However,  the  method  is  not  as 
sensitive  as  serum  TSH  measurement,  and 
mild  hypothyroidism  can  exist  with  normal 
amniotic  fluid  thyrotropin  and  elevated  se- 
rum TSH. 
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Hyperuricemia  and  uricosuria  are  the 
most  striking  characteristics  of  gout.  Painful 
inflammation  in  the  joints  (tophi)  caused 
by  deposits  of  urate  classify  this  disease  as  a 
form  of  arthritis.  The  formation  of  renal 
calculi  and  progressive  renal  failure  are  also 
common  complications  (1,  2).  In  most 
mammalian  species  the  enzyme  uricase  cat- 
alyzes further  oxidation  of  uric  acid  to  the 
more  soluble  allantoin.  However,  in  hu- 
mans this  enzyme  is  lacking  and  probably 
accounts  for  the  difficulty  in  handling  large 
purine  loads. 

The  presence  of  uricase  activity  in  exper- 
imental animals  has  complicated  their  use 
as  models  for  studying  gout.  In  1965,  Fri- 
dovich  (3)  examined  various  chemical  com- 
pounds bearing  a  structural  resemblance  to 
the  pyrimidine  portion  of  the  purine  ring  of 
uric  acid  and  xanthine  as  possible  inhibitors 
of  in  vitro  uricase  activity.  These  studies 
revealed  that  potassium  oxonate  (KOx;  2,4- 
dihydroxy-6-carboxy-l,3,5-triazine)  was  a 
potent  inhibitor  of  iVi  vitro  hog  liver  uricase. 
In  vivo  experiments  with  rats  fed  a  diet 
supplemented  with  5%  KOx  were  shown  to 
produce  a  profound  hyperuricemia  and  uri- 
cosuria (4).  These  changes  in  blood  and 
urine  urate  were  further  increased  when  the 
diet  was  supplemented  with  an  additional 
1%  uric  acid.  Hyperuricemic  nephropathy 
was  first  demonstrated  in  rats  fed  5%  KOx 
plus  1%  uric  acid  (5).  Subsequent  experi- 
ments revealed  that  a  diet  containing  2% 
KOx  supplemented  with  3%  urate  was  suf- 
ficient to  induce  the  hyperuricemic  nephrop- 
athy (6,  7).  Several  studies  using  dogs, 
rabbits,  pigs,  and  mice  have  reported  the 
inhibitory  effects  of  KOx  on  purine  metab- 
olism (8-11). 

The  present  studies  were  conducted  to 
more  clearly  define  the  effects  of  graded 
dietary  concentrations  of  KOx  with  or  with- 
out urate  supplementation  upon  hyperuri- 
cemia, uricosuria,  and  orotic  aciduria.  Com- 
parisons are  made  between  these  data  and 


published  data  on  the  rat  fed  KOx. 

Materials  and  methods.  Forty  ma 
bino  ARS/ICR*  mice  (19-25  g) 
adapted  for  3  days  to  a  semipurified 
diet  suspended  in  2%  agar  gel.  Diet 
sisted  of  50%  water  and  50%  dry  mi 
dry  mix  was  composed  of  15%  vitam 
casein,  0.3%  methionine,  5%  com  o 
mineral  salt  mix,^  1%  vitamin  mix,'  ^ 
cornstarch,  and  24.6%  sucrose. 

All  animals  were  randomly  assigne 
the  adaptation  period  to  one  of  eight 
ment  groups.  The  experimental  diet 
sisted  of  KOx  incorporated  at  con< 
tions  of  0,  1,  3,  and  5%,  with  or  v 
1%  supplemental  uric  acid.  Oxona^ 
urate  were  added  at  the  expense  of 
proportion  of  cornstarch  and  sucrose 
and  water  were  provided  ad  libitum,  y 
changes  were  determined  perio 
throughout  the  15  days  of  experii 
feeding.  Mice  were  identified  by  ear 
ing  and  housed  five  to  a  cage,  exa 
purposes  of  urine  collection.  Durin| 
collections,  animals  were  housed  ii 
ually  in  stainless  steel  metabolism 
Food  intakes  were  determined  in  in< 
ally  housed  animals. 

KOx  was  either  purchased  comme: 
or  synthesized  accordingly  to  the  met 
Brandenberger  (12).  Chemical  puri 
established  by  thin-layer  chromatoj 
using  an  n-butanol:acetic  acidrwater  s 
system  (5:1:2)  and  by  chemical  anal) 
carbon  and  nitrogen.  The  commercis 
had  the  following  composition:  C, 

'  ARS/Sprague-Dawley,  P.  O.  Box  4220,  N 
Wise.  53711. 

'  Rogers  and  Harper  salt  mixture  No. 
Teklad  Test  Diets,  2826  Latham  Drive,  N 
Wise.  53713. 

'  Vitamin  fortifieation  mix  No.  40060,  Tek 
Diets,  2826  Latham  Drive,  Madison,  Wise.  53 

*  Oxonate,  potassium  salt,  A  grade  No. 
Calbiochem,  10933  N.  Torrey  Pines  Road,  I 
Calif.  92037. 
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N,  21 .60.  KOx  synthesized  in  our 
ry  was  found  to  contain  C,  24.38; 
;  and  N,  21.31.  Synthesized  KOx 
id  in  vitro  for  inhibition  of  uricase 
The  synthesized  oxonate  was  found 
potent  competitive  inhibitor  of  uri- 
h  3,  Ki  similar  to  that  previously 
1(3). 

ied  urine  was  collected  from  three 
y  selected  mice  from  each  treat- 
Days  7  and  14  of  feeding.  Urinary 
imonia,  creatinine,  and  orotic  acid 
alyzed  according  to  the  methods  of 
ind  Hochholzer  (13),  Chaney  and 
1  (14),  Folin  and  Wu  (15),  and 
e(  al.  (16),  respectively.  Urinary 
I  was  determined  by  the  method  of 
Id  (17)  and  confirmed  by  high-pres- 
liid  chromatography  (hplc).^  Blood 
1  by  heart  puncture  was  also  ana- 
r  urate  by  hplc.^ 

e  time  of  sacrifice,  spleens,  livers, 
neys  were  weighed  and  stored  at 
►r  subsequent  analysis.  Portions  of 
and  liver  were  homogenized  in  0.4 
and  centrifuged  at  3730g  for  10 
;sue  uric  acid  content  was  analyzed 
ricase  activity  of  these  tissues  was 
ned  spectrophotometrically  as  de- 
by  Fridovich  (3).  Tissue  protein  was 
ned  colorimetrically  using  bovine  se- 
Limin  as  a  standard  (18). 
ical  methods.  All  data  were  ana- 
atistically  by  analysis  of  variance, 
iparisons  were  made  by  using  Dun- 
ultirange  test  (19).  A  P  value  of 
less  was  considered  statistically  sig- 

ts.  Growth  data  are  presented  in 
.  There  were  no  significant  altera- 
growth  of  mice  fed  1  or  3%  KOx. 
:r,  growth  was  severely  inhibited  by 
X.  Although  animals  consuming  the 
X  diet  grew  slightly  with  time,  their 
was  still  severely  inhibited  at  the 
he  feeding  period.  Uric  acid  supple- 
on  alone  did  not  significantly  influ- 
owth.  However,  uric  acid  supple- 
on  to  diets  containing  oxonate  de- 
growth  more  severely  than  diets 

r,  J.  A.,  and  Perkins,  E.  G.,  Uric  acid 
tion  in  biological  fluids  by  high-pressure  liq- 
atography.  Submitted  for  publication. 


containing  only  oxonate.  During  the  first 
week  there  was  a  50%  depression  in  growth 
with  1%  dietary  KOx  plus  1%  urate. 
Growth  was  further  inhibited  with  3  and 
5%  oxonate  supplemented  with  uric  acid. 
Similar  growth  data  was  obtained  after  2 
weeks  of  feeding. 

Feed  intake  was  significantly  inhibited  by 
supplementation  of  the  diet  with  5%  KOx 
(Table  I).  Animals  receiving  supplemental 
uric  acid  showed  further  reductions  in  feed 
intake.  Some  adaptation  to  the  diets  ap- 
pears to  have  occurred  during  the  feeding 
period  since  intakes  increased  with  time. 
However,  feed  consumption  by  mice  con- 
suming 3  and  5%  KOx  plus  urate  remained 
significantly  depressed  throughout.  The  dif- 
ferences in  feed  consumption  are  not  of 
sufficient  magnitude  to  account  entirely  for 
the  severe  depressions  or  inhibition  of 
growth  observed  with  supplementation  of 
KOx.  Increasing  the  dietary  content  of  ox- 
onate resulted  in  a  marked  reduction  in 
feed  efficiency.  This  reduction  in  feed  effi- 
ciency was  further  decreased  in  mice  fed 
supplemental  uric  acid.  Animals  consuming 
the  3%  plus,  and  the  5%  plus  or  minus, 
urate  diets  exhibited  polyuria  (Table  I). 
These  animals  consumed  approximately 
200%  more  water  than  animals  receiving 
the  other  treatments. 

Plasma  urate  was  increased  approxi- 
mately 250%  by  supplemental  oxonate  after 
7  days  of  feeding  (Table  II).  Urate  supple- 
mentation did  not  significantly  influence  the 
effect  of  KOx  during  this  time.  Longer 
feeding  of  the  urate-supplemented  diets  ac- 
centuated the  hyperuricemia. 

Creatinine  excretion  varied  considerably, 
and  no  significant  differences  were  detecta- 
ble. Metabolites  were  expressed  per  unit  of 
creatinine  to  normalize  the  data  and  provide 
a  more  controlled  basis  for  comparison. 
Urinary  uric  acid  excretions  were  consistent 
with  plasma  urate  concentrations  (Table  II). 
Oxonate  feeding  alone  increased  the  excre- 
tion of  uric  acid  by  48  and  1 12%  for  3  and 
5%  KOx,  respectively.  After  the  second 
week  of  feeding  these  diets,  uric  acid  excre- 
tion was  increased  only  22  and  20%,  respec- 
tively. Supplementation  with  uric  acid  in- 
creased urinary  uric  acid  excretion  36,  205, 
and  200%  in  mice  fed  1,  3,  and  5%,  respec- 
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TABLE  I. 


Effect  of  Dietary  Oxonate  and  Urate  on  Growth, 
Excretion  in  the  Mouse." 


Feed  Intake,  and  Urinary 


Dietary  supple- 
mentation 

Growth* 

Feed  intake' 

(g/day) 

Oxon- 

ate      Urate 

Urine  volume" 

(%)        (%) 

7  days 

14  days 

7  days 

14  days 

(ml) 

0            0 

6.6  ±  0.6'' « 

10.0  ±  0.9' 

8.9  ±  1.5'* 

11.3  ±  1.0' 

1.4  ±0.3' 

0             1 

8.0  ±  0.8' 

10.5  ±  0.5' 

1 1 .6  ±  0.0' 

11.8  ±0.3' 

1.2  ±0.4' 

1             0 

4.5  ±  0.6* 

7.5  ±  l.O'-* 

10.2  ±  1.5'-* 

11.0  ±2.5' 

2.1  ±0.2'» 

1             1 

3.8  ±  0.6* 

5.0  ±0.8*' 

7.9  ±  0.9* 

9.6  ±  1.0' 

1.7  ±0.3' 

3             0 

7.0  ±0.8'-« 

8.7  ±0.6'* 

8.4  ±0.6'* 

10.9  ±  1.1' 

1.8  ±0.4' 

3             1 

-0.4  ±  1.9^ 

1.8  ±3.8'-^ 

2.3  ±  0.4' 

4.4  ±  4.5* 

3.8  ±  1.3* 

5             0 

-1.4  ±  1.0» 

-0.6  ±  0.5^ 

4.0  ±  1.3' 

8.0  ±  0.3' 

6.8  ±  2.0' 

5             1 

-3.8  ±  1.2' 

-4.5  ±  0.5» 

2.5  ±  0.2' 

5.2  ±  2.2* 

3.6  ±  0.8* 

•  Mean  ±  SEM  without  a  common  superscript  differ,  P  <  0.05.  Superscripts  are  denoted  by  the  numbers  1- 

*  Body  weight  change  in  grams  after  7  and  14  days  of  experimental  feeding. 
*^  Grams  of  diet  =  50%  dry  matter  +  50%  H,0. 

**  Day  7  of  feeding. 

TABLE  II.  Plasma  Concentrations  and  Daily  Excretion  of  Urate  in  Mice  Fed  Oxonate  wfth  or 

wTTHOUT  Uric  Acid." 


Urate 

Plasma 

Urinary 

Oxon- 

Day7(/utg//utgof 
atinine) 

cre- 

Day  14(/utg//utgofcre- 

ate  (%) 

(%) 

Day  8  (mg%) 

Day  15(mg%) 

atinme) 

0 

0 

1.8  ±0.1' 

2.0  ±  0.3' 

2.0  ±  0.2' 

2.3  ±0.1' 

0 

1 

2.9  ±  0.4' 

4.1  ±  1.0* 

3.0  ±  0.6' 

3.6  ±  0.5' 

1 

0 

4.9  ±  0.5*-' 

1.4  ±0.2' 

1.7  ±0.1' 

2.4  ±0.1' 

1 

1 

6.0  ±  0.93 

6.4  ±  0.5' 

4.0  ±  0.2'-* 

4.1  ±  1.1'* 

3 

0 

4.7  ±  1.4*-' 

4.1  ±  0.3* 

3.0  ±  0.8' 

2.8  ±  0.2' 

3 

1 

4.4  ±0.5*' 

5.1  ±  0.8' 

9.1  ±  1.4* 

5.8  ±2.6'-* 

5 

0 

4.1  ±0.1* 

3.5  ±  0.3* 

4.2  ±0.4'-* 

2.8  ±  0.3' 

5 

1 

4.8  ±0.3*' 

5.7  ±  0.9' 

8.9  ±  1.4* 

8.9  ±  1.5* 

3. 


^  Means  ±  SEM  without  a  common  superscript  differ,  P  <  0.05.  Superscripts  are  denoted  by  the  numbers  1- 


tively.  The  increase  in  uricosuria  persisted 
throughout  the  feeding  period.  Uric  acid 
excretion  was  15,  63,  and  119%  for  the  1, 
3,  and  5%  oxonate  plus  urate  diets,  respec- 
tively, after  14  days  of  feeding. 

Weights  of  spleen,  kidney,  and  liver  were 
not  significantly  altered  by  any  dietary  treat- 
ment. Neither  liver  urate  or  uricase  activity 
were  affected  significantly  by  the  dietary 
regimen.  However,  kidney  uric  acid  in- 
creased with  increasing  oxonate  and  was 
further  increased  by  supplemental  urate 
(Table  III).  One  animal  consuming  the  5% 
oxonate  plus  urate  diet  had  grossly  visible 
kidney  urate  deposits.  Kidney  uricase  activ- 
ity tended  to  be  depressed  by  increasing 
oxonate  and  further  depressed  by  supple- 
mental urate  (Table  III). 

Urea  excretion  expressed  per  gram  of  N 


consumed  tended  to  increase  with  supple- 
mental oxonate  and  urate  after  2  weeks  of 
feeding  (Table  IV).  Urinary  ammonia  ex- 
cretion (Table  IV)  was  slightly  depressed 
by  oxonate  and  further  depressed  by  urate 
supplementation.  Orotic  acid  excretion  in 
mice  fed  the  KOx  diets  is  shown  in  Table 
IV.  Orotate  excretion  was  increased  10-fold 
in  animals  consuming  1%  oxonate  after 
Week  2.  Further  increases  were  seen  with 
increasing  oxonate.  Urate  supplementation 
of  the  diet  did  not  affect  orotate  excretion. 
Specificity  of  the  method  for  orotic  acid 
was  checked  with  large  concentrations  of 
oxonate,  allantoin,  and  uric  acid.  These 
compounds  produced  negligible  results. 

Discussion.  Chronic  hyperuricemia  and 
renal  diseases  are  classic  symptoms  of  pa- 
tients with  gout.  Chronic  renal  disease  has 
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FABLE  III.  Effect  of  Dietary  Oxonate  and  Urate  on  Livers  and  Kidneys  of  Mice.<> 


supple- 

Organ  weights  (mg/g  body 

Uric  acid  concentration  (/ig/g  of  tis- 

ition 

weight) 

sue) 

Urate 

Uricasc* 

(%) 

Liver 

Kidney 

Liver 

Kidney 

Kidney 

0 

52.2  ±  2.0' 

15.6  ±  1.0' 

78.9  ±  14.4' 

17.8  ±3.1' 

66.9  ±  14.8' 

1 

54.8  ±  0.8' 

16.0  ±  0.9' 

54.7  ±  4.0' 

21.1  ±3.4' 

40.0  ±  7.3'' «•» 

0 

53.3  ±  3.3' 

15.2  ±0.8' 

63.2  ±  14.7' 

25.3  ±  3.4'- « 

39.1  ±  7.2'-«-» 

I 

53.3  ±3.5' 

17.1  ±0.6' 

88.2  ±  20.5' 

37.5  ±9.0'-* 

28.6  ±  2.8' 

0 

48.0  ±  2.5' 

17.1  ±0.8' 

85.9  ±  18.6' 

29.2±3.2'-« 

51.0  ±  11.9'-*» 

1 

45.3  ±  4.6' 

16.0  ±  0.4' 

72.4  ±  12.4' 

32.1  ±7.3'-« 

30.3  ±7.7'-* 

0 

49.7  ±  3.7' 

15.4  ±0.7' 

93.2  ±21.8' 

36.1  ±7.6'-* 

31.8±5.2'-« 

1 

44.8  ±  2.2' 

15.6  ±  0.4' 

80.3  ±  17.4' 

51.0  ±  10.4^ 

61.2±8.1»-» 

s  ±  SEM  without  a  common  superscript  differ,  P  <  0.05.  Superscripts  are  denoted  by  the  numbers  1- 
notes  of  uric  acid  per  hour  per  milligram  of  protein. 
TABLE  IV.  Effect  of  Dietary  Oxonate  and  Urate  on  Urinary  METABOLrrEJs."-  * 


y  supplementation 

Urea-N  (mg/gram  of 

NH3-N  (mg/me  of  creati- 
nine) 

Orotate  (/i^mg  of  creati- 

(%)         Urate  (%) 

N  consumed) 

nine) 

0 

432  ±  55' 

6.7  ±  1.1' 

304  ±  27' 

1 

254  ±  44' 

3.4±0.2'» 

135  ±  16' 

0 

232  ±  69' 

2.8±0.4'« 

3,752  ±  1,089* 

1 

427  ±  73' 

2.2  ±  0.0* 

3,589  ±  228* 

0 

359  ±  77' 

3.0  ±0.4'-* 

6,617  ±  953* 

1 

943  ±  78' 

2.8  ±0.1'-* 

7,653  ±  869* 

0 

251  ±  10' 

4.1  ±  1.8'-* 

10,347  ±  2,845* 

1 

580  ±  146' 

1.8  ±0.8* 

9,275  ±  1,921* 

5  ±  SEM  without  a  common  superscript  differ,  P  <  0.05.  Superscripts  are  denoted  by  the  numbers  1 
4  of  feeding. 


served  in  approximately  40%  of  the 
suffering  from  gout.  Difficulty  in 
a  suitable  model  for  gout  have 
I  the  Study  of  this  disease.  Recently, 
m  oxonate  has  proven  to  be  a  valu- 
ivo  tool  for  examination  of  hyperur- 
md  nephropathy  in  the  rat  (4-6, 

liave  been  shown  to  tolerate  rela- 
rge  dosages  of  KOx  for  long  periods 
(4,  5,  21,  22).  However,  the  fetus 
more  susceptible  to  toxic  effects  of 
.  Gralla  and  Crelin  (11)  and  Gralla 
x>rted  that  KOx  was  toxic  to  the 
ing  fetus  when  fed  to  pregnant  rats 

at  a  dietary  concentration  of  3%. 
quantities  up  to  1  g/day  for  28  days 

resulted  in  toxicity  in  the  rat  al- 
these  animals  exhibited  a  hyperuri- 
id  uricosuria  (4).  Uric  acid  supple- 
)n  accentuates  the  pharmacological 
)f  oxonate  (4). 
ite  alone  (5%)  dramatically  affects 


feed  intake  or  growth  in  the  mouse.  How- 
ever, neither  are  appreciably  affective  in 
the  rat  (4,  6).  Kox  also  affects  feed  effi- 
ciency in  the  mouse.  Johnson  et  aL  (4) 
reported  a  50%  reduction  in  growth  and  a 
20%  reduction  in  feed  intake  in  rats  con- 
suming 5%  KOx  plus  1%  urate  diets.  The 
mouse  shows  a  far  greater  reduction  in 
growth  and  feed  intake  at  lower  dietary 
concentrations  of  oxonate  plus  urate.  These 
data  indicate  that  the  mouse  may  be  much 
more  susceptible  to  KOx  than  is  the  rat. 
The  lethality  of  KOx  in  the  mouse  is  un- 
known. 

Blood  urate  concentrations  of  rats  fed 
oxonate  supplemented  with  uric  acid  vary 
considerably  (4,  6,  7).  Primarily,  these  var- 
iations may  be  explained  by  the  duration  of 
feeding  and  the  percentages  of  oxonate  and 
uric  acid  incorporated  into  the  diets.  Gralla 
and  Crelin  (11)  reported  that  control  non- 
pregnant female  mice  receiving  chow  had 
mean  serum  urate  concentrations  of  3.9 
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mg% .  After  3  days  on  a  chow  diet  supple- 
mented with  3%  KOx,  these  same  animals 
were  found  to  have  a  mean  serum  urate 
concentration  of  7.0  mg%.  We  observed 
control  mice  on  a  semipurified  diet  to  have 
a  mean  serum  urate  concentration  of  2.0 
mg%  after  2  weeks.  Mice  consuming  3% 
KOx  had  a  mean  serum  urate  concentration 
of  4.1  mg%  after  the  same  period.  The 
differences  in  control  serum  urate  concen- 
trations may  be  explained  by  the  presence 
of  dietary  purines  in  the  chow  diets.  Oxon- 
ate  alone  appears  to  increase  blood  urate 
concentrations  more  effectively  in  the 
mouse  than  in  the  rat. 

Urinary  uric  acid  excretion  also  varies 
markedly.  In  this  respect,  KOx  appears  to 
have  a  greater  effect  in  inducing  uricosuria 
in  the  rat  than  in  the  mouse.  Rats  show  a 
600%  increase  in  urinary  uric  acid  excretion 
with  5%  dietary  KOx  (4).  A  20-fold  in- 
crease in  urinary  urate  was  noted  in  rats 
consuming  5%  KOx  plus  1%  uric  acid  sup- 
plemented to  a  chow  diet.  No  significant 
increase  in  urinary  uric  acid  excretion  after 
2  weeks  was  seen  in  mice  consuming  KOx 
alone,  and  only  a  three-fold  increase  was 
observed  in  mice  consuming  5%  KOx  plus 
1%  urate.  The  differences  between  diets 
may  again  partially  explain  these  variances. 
Rats  fed  a  chow  diet  excrete  approximately 
2.1  mg  of  uric  acid/24  hr  (4).  In  our  experi- 
ment the  control  mice  excreted  1 .0  mg  of 
uric  acid/24  hr. 

The  study  of  hyperuricemic  nephropathy 
has  possibly  been  the  most  significant  bene- 
fit of  the  oxonate  model.  Waisman  and  his 
associates  (6,  22)  concluded  that  there  is  a 
high  correlation  between  the  morphology 
of  the  nephropathy  of  oxonic  acid-induced 
hyperuricemia  and  gout.  Urate  deposits  in 
the  urinary  tracts  of  rats  have  not  been 
reported  if  fed  oxonate  without  supplemen- 
tal urate.  However,  in  several  studies,  rats 
fed  oxonate  supplemented  with  uric  acid 
developed  hyperuricemia  with  secondary 
renal  effects  within  2  weeks  (4-6).  Feeding 
mice  5%  KOx  plus  1%  urate  for  2  weeks 
increased  kidney  uric  acid  concentrations 
approximately  300%  above  animals  not 
consuming  oxonate  or  urate.  In  the  pres- 
ence of  uric  acid,  KOx  induced  gross  accu- 
mulation of  urate  in  only  one  of  the  animals. 
Prolonged  feeding  probably  would  have  in- 


duced deposits  in  the  mouse  similar  to  those 
previously  reported  for  the  rat. 

The  present  experiment  shows  that  die- 
tary KOx  has  a  tremendous  effect  on  pyrim- 
idine  metabolism.  Previously,  Cihak  and 
Sorm  (24)  showed  that  mice  injected  with 
KOx  (5-aza-orotic  acid)  had  decreased  uti- 
lization of  orotic  acid  for  the  synthesis  of 
liver  nucleic  acids  which  was  paralleled  by 
an  increased  orotic  aciduria.  In  vitro  studies 
with  extracts  from  rat  and  mouse  liver  indi- 
cate that  KOx  may  induce  an  orotic  aciduria 
by  inhibiting  orotate  phosphoribosyltrans- 
ferase  and  ortidylic  acid  decarboxylase  ac- 
tivities (24-26).  The  present  experiment 
shows  that  dietary  KOx  also  leads  to  dra- 
matic alterations  in  in  vivo  pyrimidine  me- 
tabolism. These  findings  may  well  prove 
dietary  KOx  will  serve  as  a  useful  tool  for 
in  vivo  examination  of  purine  and  pyrimi- 
dine synthesis,  their  catabolism,  ai}d  their 
interrelationship. 

More  extensive  examination  of  detoxifi- 
cation of  KOx  in  the  mouse  vs  the  rat  may 
help  explain  the  differences  between  these 
two  animals.  Our  results  indicate  the  mouse 
is  more  sensitive  to  the  toxic  effects  of 
oxonate.  However,  the  less  severe  hyperur- 
icemia and  uricosuria  suggest  a  dramatic 
difference  in  the  handling  of  KOx  in  the 
mouse  compared  to  the  rat. 

Summary.  The  effects  of  dietary  supple- 
mentation of  various  concentrations  of  KOx 
with  or  without  uric  acid  were  examined  in 
the  growing  mouse.  Many  of  the  effects  of 
KOx  were  accentuated  at  lower  concentra- 
tions when  uric  acid  was  also  supplemented 
to  the  diet.  Hyperuricemia  was  caused  by 
oxonate  alone  as  well  as  by  1%  KOx  plus 
1%  uric  acid.  Oxonate  plus  uric  acid  in- 
duced an  uricosuria.  Kidney  uric  acid  con- 
tent and  uricase  activity  were  significantly 
altered  by  oxonate  with  or  without  urate 
supplementation.  Oxonate  in  some  ways 
alters  pyrimidine  metabolism  and  leads  to 
an  orotic  aciduria  in  the  mouse.  Oxonate 
may  prove  to  be  a  valuable  tool  in  the 
study  of  the  metabolism  of  purines  and 
pyrimidines  as  well  as  their  interrelation- 
ship. 
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The  onset  of  renovascular  hypertension 
occurs  concurrently  with  transient  activation 
of  the  renin-angiotensin  system  (1-3).  An- 
giotensin II  (All)  directly  stimulates  aldos- 
terone secretion  from  the  adrenal  cortex 
(4-7).  Indeed,  plasma  aldosterone  levels 
and  aldosterone  secretion  rates  increase 
during  the  acute  high  renin  phase  of  reno- 
vascular hypertension  (3,  8,  9).  Thus,  it  is 
possible  that  genesis  of  this  pathophysiolog- 
ical condition  is  dep)endent  on  mineralocor- 
ticoid  hypersecretion. 

The  present  studies  were  designed  to 
evaluate  whether  excess  mineralocorticoid 
activity  resulting  from  activation  of  the 
renin-angiotensin-aldosterone  system  is  es- 
sential for  production  of  sustained  renovas- 
cular hypertension.  For  this  study  an  exper- 
imental model  was  used  in  which  increased 
angiotensin  II  levels  characteristic  of  the 
acute  high  renin  phase  of  renal  hypertension 
could  not  exert  a  direct  steroidogenic  effect 
on  the  adrenal  cortex.  In  this  regard,  the 
renal  artery  was  constricted  in  one  kidney, 
adrenalectomized  dogs  receiving  constant 
exogenous  steroid  maintenance  therapy. 

Materials  and  Methods,  Calm  female 
hounds  (14.5  to  25.0  kg)  were  anesthetized 
with  sodium  pentobarbital  and  laparoto- 
mized.  A  unilateral  nephrectomy  was  then 
performed  after  verifying  the  existence  of  a 
single  renal  artery  leading  to  the  remaining 
kidney.  Chronic  femoral  arterial  and  venous 
catheters  were  passed  subcutaneously  and 
exteriorized  between  the  shoulder  blades  in 
most  of  these  dogs.  The  dogs  were  allowed 
to  recover  for  7  days  after  surgery  before 
beginning  several  days  of  control  data  col- 
lection. They  were  fed  a  daily  diet  contain- 
ing 60-65  mequiv  of  sodium,  and  water  was 

'  Present  address:  Department  of  Physiology,  Uni- 
versity of  Missouri  School  of  Medicine,  Columbia, 
Missouri  65201. 

*  To  whom  correspondence  should  be  addressed. 


available  ad  libitum.  Urine  collections  were 
made  for  determination  of  daily  urinary 
output  and  sodium  balance.  Arterial  pres- 
sure was  measured  from  the  femoral  arterial 
catheters  in  conscious  animals.  Arterial 
blood  samples  were  also  collected  and  cen- 
trifuged  for  plasma  separation  and  bioassay 
of  plasma  renin  activity  (PRA).  Plasma 
electrolytes  were  determined  by  flame  pho- 
tometry and  blood  hematocrits  were  mea- 
sured. In  the  four  dogs  without  chronic 
catheters,  blood  pressure  was  measured  by 
direct  percutaneous  femoral  artery  puncture 
under  local  anesthesia,  and  blood  samples 
were  obtained  from  the  jugular  vein. 

One-kidney  renovascular  hypertension 
was  produced  in  seven  dogs.  The  renal 
artery  of  the  kidney  was  exposed  retroperi- 
toneally.  After  bathing  the  area  with  2% 
lidocaine  solution,  an  adjustable  constrict- 
ing device  and  an  electromagnetic  flow 
probe  were  placed  around  the  renal  artery. 
After  allowing  10-20  min  for  stabilization 
of  blood  flow,  the  renal  artery  was  con- 
stricted to  reduce  renal  blood  flow  by  56  ± 
2%.  After  renal  artery  constriction,  data 
were  obtained  daily  for  7  days  and,  thereaf- 
ter, three  times  each  week  for  at  least  1 
month;  chronic  sodium  balance  studies  were 
also  conducted.  The  dogs  were  force  fed 
when  necessary  to  assure  constant  sodium 
intake .  Prior  to  and  at  weekly  intervals  after 
renal  artery  constriction,  plasma  volume 
was  also  estimated  by  T-1824  dye  dilution. 

An  additional  group  of  eight  dbgs  under- 
went bilateral  adrenalectomy  when  the  uni- 
lateral nephrectomy  was  performed.  These 
dogs  received  pretreatment  with  100  mg  of 
cortisone  acetate  im  the  day  before  surgery. 
On  the  morning  of  the  day  of  surgery,  they 
were  given  100  mg  of  cortisone  orally,  and 
an  additional  50  mg  of  cortisone  im  imme- 
diately before  adrenalectomy.  Thereafter, 
the  dogs  were  maintained  on  daily  im  ste- 
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apy  of  20  mg  of  cortisone  acetate 
ig  of  deoxycorticosterone  acetate 
,  and  data  were  collected  immedi- 
ore  steroid  therapy,  steroids  were 

a  single  dose  at  9:30  am.  The 
cry  was  constricted  1  week  after 
ctomy.  The  first  four  animals  of 
ip  were  given  a  supplemental  dose 
ig  of  cortisone  acetate  im  immedi- 
er  renal  artery  constriction.  Since 
mals  recovered  readily,  the  remain- 
adrenalectomized  dogs  received  no 
a  cortisone  during  the  surgery  to 

the  renal  artery.  Observations 
de  in  the  same  manner  as  for  the 
'  dogs  with  intact  adrenals.  Com- 
j  of  adrenalectomy  was  verified  by 

0  measure  discernible  levels  of 
ildosterone  by  a  radioimmunologi- 
ique  (7). 

rom  all  experiments  were  analyzed 
f  the  Student's  paired  t  test  or  by 
5 1  test  for  group  comparisons,  crit- 
5%  significance  level. 
r.  Renal  artery  constriction  in  dogs 
ict  adrenals.  Constriction  of  the 
ery  in  the  seven  dogs  having  intact 
produced  a  prompt  increase  in 
)ressure  in  all  but  one  animal.  The 
le  clip  was  later  retightened  in  this 
renal  hypertension  occurred.  Mean 
pressure  increased  during  the  first 
r  renal  artery  constriction  in  all 
<  0.05)  and  reached  a  steady  level 
ion  of  approximately  20  mm  Hg  by 
nd  or  third  day  after  constriction 
.  Studies  were  terminated  in  two 
iiin  2  weeks  after  renal  artery  con- 
because  they  developed  malignant 
sion. 

;s  with  intact  adrenals,  PR  A  in- 
:ransiently  (P  <  0.05)  for  the  first 
ifter  renal  artery  constriction  and 
umed  to  control  levels  (Fig.  2). 
ative  sodium  balance  data  for  this 
lowed   that   sodium   retention   of 

1  mequiv  occurred  during  the  first 
after  renal  artery  stenosis,  but  the 

reted  most  of  this  excess  salt  load 
days  after  renal  artery  constriction. 
er,  they  generally  remained  in  nor- 
um  balance,  although  chronically 
ly  have  been  a  tendency  toward 


Fig.  1.  Changes  in  mean  arterial  pressure  after 
renal  artery  constriction  in  dogs  with  intact  adrenals 
and  in  adrenalectomized  dogs  on  constant  steroid 
maintenance  of  cortisone  acetate  (20  mg/day)  and 
DOC  A  (2  mg/day).  Asterisks  denote  differences  signif- 
icant at  5%  level  from  corresponding  preconstriction 
control  values,  and  shaded  bars  indicate  values  after 
renal  artery  constriction.  Data  appear  as  the  mean  ± 
SEM. 

slight  sodium  retention.  However,  there  was 
no  detectable  expansion  of  plasma  volume 
during  the  4  weeks  after  renal  artery  con- 
striction. Hematocrit  decreased  from  36  ± 
2  to  28  ±  2  (P  <  0.05)  during  the  first  6 
days  after  renal  artery  constriction  and  then 
returned  toward  control  levels. 

Renal  artery  constriction  in  adrenalecto- 
mized dogs.  Hypertension  occurred  follow- 
ing the  initial  constriction  of  the  renal  artery 
in  six  of  the  eight  adrenalectomized  dogs. 
Reconstricting  the  renal  artery  successfully 
produced  sustained  hypertension  in  the 
other  two  dogs.  Apparently,  hypertension 
was  equally  well  produced  in  adrenalecto- 
mized dogs  whether  or  not  they  received 
supplemental  cortisone  acetate  therapy  im- 
mediately following  constriction  of  the  renal 
artery.  Also,  since  supplemental  cortisone 
did  not  in  itself  affect  any  other  variables 
that  were  measured,  the  data  were  pooled 
for  all  eight  of  these  adrenalectomized  dogs. 

Mean  arterial  pressure  rose  promptly 
after  renal  artery  constriction  (P  <  0.05) 
(Fig.  1),  and  the  response  was  not  different 
from  that  observed  in  dogs  with  intact  adre- 
nals.  The   adrenalectomized  animals  also 


118 


RENAL  HYPERTENSION  AND  ADRENALECTOMY 


ZNnCTAORENALS 


PU6MARENN 

ACTIVITY         e 
(f^ANQUTENSM 

s 

0 


-S  'U       1  -    II    O     16   18  20    23  29  27 

0«S  AFTER  RENAL  ARTERY  CONSTRCTION 


ILAORENALECTOMZEO  ON  STEROO  MANTENANCE 
25  i  (n-8)  ; 


20 


PLASMA  RENN 

ACTIVITY         O 
(ng  ANGN>TENSM 


0«rS  AFTER  RENAL  ARTERY  CONSTWmON 


Fig.  2.  Changes  in  plasma  renin  activity  after  renal 
artery  constriction  in  dogs  with  intact  adrenals  and  in 
adrenalectomized  dogs  on  constant  steroid  mainte- 
nance of  cortisone  acetate  (20  mg/day)  and  DOCA  (2 
mg/day).  Asterisks  denote  differences  significant  at 
5%  level  from  corresponding  preconstriction  control 
values,  and  shaded  bars  indicate  values  after  renal 
artery  constriction.  Data  appear  as  the  mean  ±SEM. 

showed  a  transient  decrease  in  hematocrit 
after  constricting  the  renal  artery,  similar  to 
that  which  occurred  in  intact  dogs.  Further, 
they  exhibited  a  marked  increase  in  PRA 
for  6  days  of  approximately  the  same  mag- 
nitude as  occurred  in  the  dogs  with  intact 
adrenals  (Fig.  2).  However,  PRA  levels 
remained  somewhat  elevated  throughout 
the  observation  period  in  the  adrenalecto- 
mized group,  a  response  different  from  that 
of  the  dogs  with  intact  adrenals.  Renal 
artery  constriction  produced  virtually  the 
same  pattern  of  changes  in  cumulative  so- 
dium balance  in  the  adrenalectomized  dogs 
as  occurred  in  the  dogs  with  intact  adrenals 
with  one  exception:  Sodium  balance  was 
slightly  positive  during  the  last  week  in  the 
adrenalectomized  dogs.  However,  after  pro- 
duction of  renal  hypertension  in  the  adre- 
nalectomized dogs,  plasma  volume  in- 
creased from  a  control  value  of  1040  ±  90 
to  1205  ±  50,  1165  ±  35,  and  1335  ±  105 
ml  for  the  next  3  weeks  (P  <  0.05  for  all 
three  values),  so  the  additional  sodium  re- 
tention during  the  fourth  week  did  not  man- 
ifest itself  by  an  increase  in  plasma  volume. 
The  results  also  show  that  the  daily  ste- 
roid maintenance  of  2  mg  of  DOCA  and  20 
mg  of  cortisone  acetate  was  adequate  to 


maintain  normal  plasma  electrolyte  concen- 
trations. In  dogs  with  intact  adrenals,  con- 
trol plasma  sodium  and  potassium  concen- 
trations were  143  ±  5  and  4.3  ±  0.1  me- 
quiv/liter,  respectively,  while  corresponding 
values  in  adrenalectomized  dogs  before 
renal  artery  constriction  were  144  ±  1  and 
4.2  ±  0.2  mequiv/liter.  Production  of  renal 
hypertension  did  not  alter  these  plasma 
electrolyte  levels  in  either  group. 

Discussion,  Early  investigations  on  the 
role  of  the  adrenal  cortex  in  the  genesis  of 
renal  hypertension  were  conducted  40  yean 
ago  (10,  11).  Much  of  the  existing  literature 
suggests  that  induction  of  renal  hyperten- 
sion requires  adequate  adrenocortical  acti- 
vation. However,  it  has  been  uncertain 
whether  the  general  inability  to  produce  or 
sustain  renal  hypertension  in  nonmain- 
tained,  adrenalectomized  animals  is  due  to 
a  nonspecific  effect  of  adrenal  origin  (12- 
14).  A  possible  adrenal  factor  which  has 
been  considered  necessary  for  induction  of 
renal  hypertension  is  mineralocorticoid  hy- 
persecretion. This  is  an  attractive  possibility 
since  the  renin-angiotensin-aldosterone 
system  is  known  to  be  activated  during  the 
early  phase  of  renal  hypertension  (3,  8).  In 
fact,  Atwill  ei  al.  (15)  reported  that  renal 
hypertension  could  not  be  induced  or  main- 
tained in  adrenalectomized  dogs  receiving 
only  glucocorticoid  replacement  therapy. 
Also,  it  has  been  reported  that  spironolac- 
tone, a  competitive  inhibitor  of  aldosterone, 
reverses  chronic  renal  hypertension  in  the 
rabbit  (16).  On  the  other  hand,  there  is 
considerable  evidence  that  aldosterone  hy- 
persecretion may  not  be  necessary.  Renal 
hypertension  was  produced  despite  admin- 
istration of  an  aldosterone  antagonist  (17) 
and  was  maintained  in  adrenalectomized 
sheep  for  48  hr  after  withdrawal  of  steroid 
therapy  (18). 

The  purpose  of  the  present  study  was  to 
determine  if  chronic  hypertension  would 
develop  in  adrenalectomized  dogs  following 
renal  artery  constriction  during  mainte- 
nance on  constant  steroid  replacement  ther- 
apy. Under  these  circumstances  the  animals 
were  never  subjected  to  a  high  plasma  level 
of  aldosterone  or  mineralocorticoid  excess 
for  even  a  brief  period.  The  experiment 
was  done  to  exclude  the  possibility  that 
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ocorticoid  excess  for  a  short  time 
rigger  a  pathogenic  mechanism  im- 
for  the  development  of  chronic  hy- 
ion.  Available  data  have  never  an- 
the  question  of  the  necessity  of  early 
on  of  the  renin-angiotensin-aldos- 
system  for  chronic  hypertension  to 
rhe  present  results  were  clearly  neg- 
:hronic  hypertension  developed  and 
jtained  for  27  days  during  a  constant 
se  of  2  mg/day  of  DOCA  along  with 
of  cortisone  daily.  This  dose  was 
d  because  in  our  past  experience  (19) 
evels  of  replacement  therapy  are  no 
than  enough  to  keep  adrenalecto- 
jogs  healthy. 

results  of  the  current  study  agree 
e  already  well-documented  literature 
ling  the  pathogenesis  of  one-kidney 
scular  hypertension.  Specifically,  the 
mgiotensin  system  is  activated  during 
t  few  days  in  this  form  of  hyperten- 
:  has  been  suggested  (1,2)  that  this 
base  is  largely  renin  dependent,  but 
;  one-kidney  hypertension  is  clearly 
ndependent;  the  present  dogs  with 
idrenals  had  normal  values  for  PRA 
chronic  hypertension.  Also,  the  cu- 
'e  sodium  balance  data  do  not  pro- 
idence  for  further  extracellular  fluid 
:  expansion  during  the  chronic  phase 
ertension.  Our  findings  support  re- 
ports (20,  21)  that  one-kidney  renal 
^nsion  is  sustained  by  factors  other 
^pervolemia  per  se. 
jntrast  to  the  dogs  with  intact  adre- 
lie  chronic  adrenalectomized  hyper- 
dogs  had  a  significant  elevation  in 
This  finding  indicates  that  the  renin- 
msin  system  might  contribute  to  the 
:  maintenance  of  hypertension  in  this 
lectomized  model,  as  has.  been  re- 
previously  (22).  The  stimulus  for 
onic  elevation  of  PRA  in  these  adre- 
»mized  hypertensive  dogs  is  un- 
.  These  animals  were  not  in  negative 
1  balance  during  the  last  2  weeks; 
sodium  balance  was  slightly  positive 
the  last  week.  Also,  plasma  volume 
Teased  and  plasma  electrolytes  were 
,  so  there  is  no  obvious  explanation 
increase  in  renin  release. 
nary.  This  study  assessed  the  impor- 


tance of  increased  aldosterone  secretion  sec- 
ondary to  acute  activation  of  the  renin- 
angiotensin  system  for  development  of 
chronic  one-kidney  renal  hypertension.  In 
dogs  with  intact  adrenals,  reduction  of  renal 
blood  flow  by  55-60%  promptly  produced 
mild  chronic  hypertension.  The  onset  of 
hypertension  was  associated  with  transient 
sodium  retention  and  hyperreninemia,  but 
plasma  volume  did  not  change.  Although 
mineralocorticoid  hypersecretion  was  im- 
possible in  adrenalectomized  dogs  main- 
tained with  constant  steroid  therapy,  hyper- 
tension was  still  successfully  produced.  In 
contrast  to  the  dogs  with  intact  adrenals, 
hypertension  in  the  adrenalectomized  group 
was  characterized  by  chronically  increased 
plasma  renin  activity  and  plasma  volume. 
The  results  indicate  that  hypersecretion  of 
mineralocorticoid  hormones  during  the 
early  high  renin  phase  is  not  essential  for 
production  of  chronic  one-kidney  renal  hy- 
pertension. 
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tion  of  vasomotor  and  endocrine 
)f  the  renin-angiotensin  system  by 
;ing  renin  release,  preventing  con- 
3f  angiotensin  I  (AI)  to  angiotensin 
,  or  blocking  the  receptor  sites  for 
h  specific  antagonists  has  received 
able  attention  for  the  diagnostic 
rapeutic  management  of  hyperten- 
:ases.  Competitive  inhibition  of  an- 
i-converting  enzyme  (ACE)  by  a 
>tide,  SQ  20,881,  has  offered  a 
)proach  to  the  treatment  of  hyper- 
(1-3).  However,  the  therapeutic 
1  of  SQ  20,881  is  limited  by  its  lack 
activity.  Recently  Ondetti  and  co- 
(4)  have  reported  the  development 
4,225  (D-3-mercapto-2-methylpro- 
--proline),  an  orally  active  competi- 
bitorof  ACE. 

IS  investigation,  the  hemodynamic 
al  vascular  effects  of  inhibition  of 
ith  SQ  14,225  were  evaluated  in 
ized  dogs. 

^ds.  Mongrel  dogs  weighing  10  to 
'ere  anesthetized  with  sodium  pen- 
al (30  mg/kg  iv).  After  endotracheal 
3n,  artificial  respiration  was  insti- 
ing  a  Harvard  respirator.  The  right 
vein  was  cannulated  for  intravenous 
IS,  and  the  right  femoral  artery  was 
ted  for  the  recording  of  arterial  pres- 
le  heart  rate  was  recorded  by  trig- 
a  cardiotachometer  with  arterial 
pulse.  A  catheter-tip  pressure 
:er  (Mikro  tip,  Millar  Instruments, 
>uston,  Texas)  was  introduced  into 
ventricle  through  the  left  common 
irtery,  and  the  left  ventricular  pres- 
j  recorded.  The  rate  of  rise  of  left 
lar  pressure  (dP/dt)  was  obtained 
•onic  differentiation  of  the  left  ven- 


^m  correspondence  should  be  addressed. 


tricular  pressure  pulse.  The  left  kidney  was 
exposed  using  a  flank  incision  and  a  precal- 
ibrated  electromagnetic  flow  probe  of  suita- 
ble size  was  positioned  on  the  left  renal 
artery.  The  flow  signal  was  recorded  using 
a  Biotronex  flowmeter.  The  ureters  were 
cannulated  for  timed  collection  of 
urine.  All  signals  were  recorded  on  an  eight- 
channel  Beckman  Dynograph  Recorder. 

The  dogs  were  divided  into  four  groups. 
In  the  first  group,  consisting  of  five  dogs, 
effects  of  increasing  doses  of  SQ  14,225  on 
the  pressor  and  renal  vasoconstrictor  effects 
of  AI  (310  ng/kg)  and  All  (100  ng/kg) 
were  investigated.  After  obtaining  control 
responses  to  AI  and  All,  SQ  14,225  was 
administered  iv  in  half-log  dose  increments 
(10  to  310  Mg/kg)  at  30-min  intervals  and 
after  each  dose  the  responses  to  AI  and 
All  were  studied.  In  the  second  group  of 
four  dogs,  the  duration  of  ACE  inhibition 
after  310  /ig/kg  iv  of  SQ  14,225  was  inves- 
tigated. Responses  to  AI  were  studied  be- 
fore and  at  10-min  intervals  after  an  iv  dose 
of  310  /Ltg/kg  of  SQ  14,225  for  120  min.  In 
the  third  group  of  eight  dogs,  the  cardiovas- 
cular and  renal  effects  of  a  single  iv  dose  of 
310  /Ltg/kg  of  SQ  14,225  were  investigated. 
In  the  last  group  of  four  dogs,  cardiovascu- 
lar and  renal  effects  of  5  ml  of  saline  (sol- 
vent) were  studied.  Also  the  effects  of  the 
solvent  on  the  responses  to  AI  and  All 
were  investigated  in  this  group.  AI  (Asp*- 
Ile*  angiotensin  I)  and  All  (Asp*-Ile*  angi- 
otensin II)  were  injected  iv  as  a  bolus  while 
SQ  14,225  was  dissolved  in  5  ml  of  saline 
and  infused  over  a  5-min  period.  AI  and 
All  were  purchased  from  Schwarz/Mann 
(Orangeburg,  N.Y.).  At  the  end  of  the 
experiment  the  kidney  was  removed  and 
weighed. 

The  results  are  presented  as  the  mean  ± 
SE  in  the  text,  table,  and  figures.  Differ- 
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ences  were  considered  significant  at  a  level 
of  P  <  0.05,  using  Student's  /  test  for 
paired  data. 

Results.  The  resting  renal  blood  flow  was 
4.1  ±  0.3  ml/min/g  of  kidney.  Intravenous 
injection  of  AI  and  All  caused  comparable 
increases  in  mean  arterial  pressure,  de- 
creases in  renal  blood  flow,  and  increases 
in  renal  vascular  resistance  (Fig.  1).  After 
administration  of  SQ  14,225,  a  dose-de- 
pendent inhibition  of  the  pressor  as  well  as 
renal  vasoconstrictor  effects  of  AI  was  seen, 
while  saline  had  no  effect  (Fig.  2).  The 
renal  vasoconstrictor  effects  were  more  re- 
sponsive (ID50  <  10  /xg/kg)  to  inhibition 
than  the  pressor  effects  (ID50  =  37  /xg/kg). 
Maximal  inhibition  of  the  pressor  and  the 
vasoconstrictor  effects  were  seen  after  100 
and  310  /xg/kg  of  SQ  14,225.  The  pressor 
responses  to  All  were  not  effected  by  SQ 
14,225  while  the  vasoconstrictor  effects 
were  enhanced  (Fig.  2).  There  was  marked 
variation  in  the  magnitude  of  potentiation 
of  the  vasoconstrictor  effects  of  All  in  the 
individual  animals.  The  animals  treated  with 

QccwTRa    Rafter  61   Rafter  a  ^ 


Fig.  1 .  Effects  of  angiotensin  I  (AI,  310  ng/kg,  iv) 
and  angiotensin  II  (All,  100  ng/kg  iv)  on  mean  arterial 
pressure  (MAP),  renal  blood  flow  (RBF),  and  renal 
vascular  resistance  (RVR)  in  anesthetized  dogs.  Num- 
bers in  parentheses  equal  number  of  animals. 


saline  showed  no  changes  in  the  pressor 
and  vasoconstrictor  effects  of  All. 

Figure  3  illustrates  the  duration  of  inhibi- 
tion of  Al-induced  pressor  and  renal  vaso- 
constrictor responses  after  310  /xg/kg  iv  of 
SQ  14,225.  Within  10  min  of  administration 
of  SQ  14,225  the  pressor  response  to  AI 
was  inhibited  78%,  while  94%  inhibition  of 
the  renal  vasoconstrictor  effect  was  ob- 
served. The  responses  to  AI  recovered  grad- 
ually, reaching  50%  of  the  initial  response 
within  60-70  min. 

The  hemodynamic  and  renal  vascular  ef- 
fects of  a  single  dose  of  SQ  14,225  (310 
/xg/kg  iv)  are  presented  in  Table  I.  The 
ACE  inhibitor  caused  a  moderate  decrease 
in  arterial  pressure  within  10  min,  and  com- 
plete recovery  was  seen  within  40  min.  At 
the  peak  of  hypotensive  effect,  a  small  in- 
crease in  the  heart  rate  was  seen.  The  left 
ventricular  dP/dt  max  remained  unchanged. 
After   SQ    14,225,    renal   blood   flow  in- 
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Fig.  3.  Temporal  changes  in  the  magnitude  of  an- 
giotensin I  (AI,  310  ng/kg  iv)  induced  alterations  in 
mean  arterial  pressure  (MAP)  and  renal  vascular  re- 
sistance (RVR)  after  intravenous  administration  of  SQ 
14,225  (310  /ig/kg)  in  anesthetized  dogs. 
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Fig.  2.  Effects  of  intravenously  administered  SO  14,225  and  saline  (s)  on  the  pressor  and  renal  vasoconstric- 
tor effects  of  angiotensin  I  (AI,  310  ng/kg  iv)  and  angiotensin  II  (All,  100  ng/kg  iv)  in  anesthetized  dogs.  MAP, 
Mean  arterial  pressure;  RVR,  renal  vascular  resistance. 
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TABLE  I.  Hemodynamic  and  Renal  Vascular  Effects  of  SQ  14,225. 


SQ  14,225  ( 

n  =  8)* 

Saline  (/i 

=  4)* 

Control 

lOmin'^ 

Control 

lOmin*" 

» (mm  Hg) 
;P  (mm  Hg) 
(beats/min) 
ricular    dPIdt    max 

152  ±5 

114  ±4 

145  ±6 

2672  ±  191 

139  ±  5" 

96  ±  5" 

150  ±  7" 

2757  ±  215 

146  ±7 

110±3 

162  ±  13 

2811  ±299 

150  ±7 

113  ±3 

157  ±  14 

2815  ±  340 

/sec) 

k)  flow  (ml/min) 

rular  resistance  (mm 

185  ±  11 
0.70  ±  0.03 

205  ±  14" 
0.55  ±  0.04- 

115  ±  16 
1.13  ±0.19 

118  ±  17 
1.14  ±0.19 

lin) 

»ut  (ml/10  min) 

2.26  ±  0.33 

2.17  ±0.38 

1.62  ±0.44 

1.54  ±0.38 

k225  dose:  310.0  Aig/kgiv. 

lumber  of  dogs  used  in  the  test. 

linutes  after  infusion  of  SQ  14,225  or  saline. 

•.05. 

by  11%  above  control  value  and 
return  to  control  level  up  to  60 
le  renal  vascular  resistance  de- 
Urine  output  remained  unchanged, 
ous  administration  of  saline  had  no 
n  any  of  the  parameters  studied. 
sion.  The  release  of  renin  from  the 
regulates  the  vasomotor  and  endo- 
luences  of  the  renin-angiotensin- 
)ne  axis.  The  ACE,  a  peptidyldi- 
[lydrolase,  converts  the  biologically 
AI  to  All,  the  most  potent  endog- 
/asoconstrictor  known  (5).  SQ 
las  been  found  to  be  a  potent  com- 
inhibitor  (/Cj  =  1.7  x  lO"*  M)  of 
)it  lung  ACE  (4,  6).  In  isolated 
ig  ileum,  intact  rat  (7),  and  anesthe- 
(8),  it  inhibited  the  effects  of  AI 
those  induced  by  All.  Our  results 
greement  with  those  of  the  above 
tors.  In  addition,  we  found  en- 
nt  of  the  renal  vasoconstrictor  ef- 
AII  after  SQ  14,225.  Since  inhibi- 
lCE  would  result  in  loss  of  ei^doge- 
I,  enhancement  of  the  effects  of 
Id  be  due  to  expansion  of  free 
population  for  exogenous  All  as 
suggested  by  Thurston  and  Laragh 

r  experiments  with  anesthetized 
•  14,225  decreased  arterial  pressure 
ed  renal  vasodilation.  In  conscious 
bition  of  ACE  with  SQ  20,881  has 
nd  to  have  no  effect  on  renal  blood 
,  11).  However,  in  anesthetized 
lal  vasodilation  was  observed  by 
ivestigators  (10, 12-14).  It  appears 


that  renal  vascular  effects  of  ACE  inhibitors 
as  well  as  All  receptor  antagonists  depend 
upon  the  level  of  activity  of  the  renin-angio- 
tensin system.  In  dogs,  barbiturate  anes- 
thesia activates  the  renin-angiotensin  sys- 
tem (10,  15,  16)  and  reduces  renal  blood 
flow  (10).  Furthermore,  the  renin-angi- 
otensin system  is  activated  in  dogs  subjected 
to  negative  sodium  balance.  In  sodium-de- 
pleted dogs  either  ACE  inhibition  with  SQ 
20,881  or  All  receptor  blockade  with  sara- 
lasin  (1-Sar,  8- Ala  angiotensin  II)  causes 
renal  vasodilation  (10,  11,  17).  It  is  there- 
fore proposed  that  in  dogs  under  barbiturate 
anesthesia  endogenously  generated  All 
contributes  significantly  to  resting  renal  vas- 
cular resistance,  and  inhibition  of  ACE  with 
SQ  14,225  removes  this  vasoconstrictor 
component  and  causes  vasodilation.  How- 
ever, DiSalvo  and  co-workers  did  not  ob- 
serve any  change  in  renal  blood  flow  after 
ACE  inhibition  with  the  pentapeptide  inhib- 
itor SQ  20,475  (BPP  5a)  in  anesthetized 
dogs  (18).  The  reasons  for  this  descrepancy 
are  not  understood  presently.  The  dogs 
which  received  saline  had  lower  resting 
renal  blood  flow  and  urine  output  compared 
to  the  group  receiving  the  drug  (Table  I). 
Since  in  both  treatments  the  dogs  served  as 
their  own  controls,  it  is  unlikely  that  this 
difference  could  have  influenced  the  results 
and  the  conclusions  of  this  study.  The  de- 
crease in  arterial  pressure  seen  in  our  exper- 
iments after  SO  14,225  could  also  be  due 
to  loss  of  endogenous  All  and  the  associ- 
ated transient  tachycardia,  a  reflex-me- 
diated response. 
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Rubin  and  co-workers  have  shown  that 
SO  14,225  enhances  the  hypotensive  effects 
of  bradykinin  (7),  since  ACE  plays  an  im- 
portant role  in  the  inactivation  of  bradyki- 
nin (19).  It  is  therefore  possible  that  endog- 
enously  generated  bradykinin  may  also  con- 
tribute to  the  renal  vasodilation  seen  after 
SQ  14,225.  Although  Miller  and  co-work- 
ers (20)  failed  to  demonstrate  any  increase 
in  circulating  levels  of  bradykinin  after  inhi- 
bition of  ACE  with  SO  20,881  in  dogs,  the 
role  of  kinins  of  renal  origin  cannot  be 
excluded  (14). 

Contrary  to  our  observations  with  SO 
14,225,  urine  output  was  found  to  increase 
after  ACE  inhibition  with  SO  20,881  (12, 
14).  This  disparity  could  be  due  to  the  state 
of  water  balance  of  the  animals,  since  in 
both  the  above  studies  a  continuous  saline 
infusion  was  maintained. 

Summary,  The  hemodynamic  and  renal 
vascular  effects  of  SO  14,225,  a  new  angi- 
otensin-converting  enzyme  inhibitor,  were 
studied  in  mongrel  dogs  under  pentobarbi- 
tal anesthesia.  A  dose-related  inhibition  of 
the  pressor  and  renal  vasoconstrictor  effects 
of  AI,  but  not  of  All,  were  seen  after  SO 
14,225.  After  administration  of  SO  14,225 
(310  /Ltg/kg  iv)  a  moderate  decrease  in  arte- 
rial pressure  and  increase  in  renal  blood 
flow  were  observed.  It  is  proposed  that  the 
hypotension  and  renal  vasodilation  seen 
after  SO  14,225  could  be  due  to  loss  of 
endogenous  All;  however,  an  enhancement 
of  endogenously  produced  bradykinin  can- 
not be  excluded. 
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tTon  and  interferon-inducing  agents 

vivo  and  in  vitro  conditions  have 

nd  to  cause  effects  which  are  appar- 

related  to  interferon's  well-known 

0  inhibit  viral  replication.  These 
altered  immune  responses  (1-3), 

1  replication  of  neoplastic  cells  (4), 
d  rate  of  liver  regeneration  (5,  6), 
for  neonatal  mice  (7),  and  sensiti- 
f  adult  mice  (8,  9)  and  rats  (10)  to 
gative  bacterial  endotoxin.  Renton 
inering  (11)  demonstrated  that  an 

of  interferon-inducing  agents  in 
ressed  hepatic  cytochrome  P-450 
id  the  activities  of  cytochrome  P- 
^ndent  monooxygenases.  Other  in- 
^rs  suggest  that  interferon  is  also 
inhibit  the  hormonal  induction  of 
lepatic  enzymes  (12,  13). 
ave  shown  that  administration  of 

endotoxin  (14,  15)  or  double- 
polyribonucleotide  [poly(rl)  • 
]  (9)  to  mice  results  in  inhibited 
il  induction  of  hepatic  phospho- 
ivate  carboxykinase  (EC  4.1.1.32). 
idotoxin  and  poly(rI)-poly(rC)  are 
jrferon  inducers  (16,  17),  the  pos- 
hat  viral  infection  also  inhibits  en- 
duction  was  investigated.   Results 

in  this  communication  show  that 
urs  in  mice  infected  with  Sindbis 
1  arbovirus  that  produces  a  nonle- 
ction  in  adult  mice  (18). 
ais  and  methods.  Pathogen-free,  5- 
jk  old,  female  Ha/ICR  mice  were 
these  studies  and  were  maintained 
12-hr  light-dark  cycle.  Unless  oth- 
:ated,  food  (Wayne  Lab  Blox)  and 
sre  available  at  all  times.  Sindbis 
eparations   (ATCC   strain    A339) 

t  address:  National  Institute  for  Dental  Re- 
tional  Institutes  of  Health,  Bethesda,  Md. 


3in  correspondence  should  be  addressed. 


were  prepared  and  titrated  on  chick  embryo 
fibroblasts  and  stored  at  -70®.  Activities 
of  hepatic  phosphoenolpyruvate  carboxyki- 
nase (19),  tryptophan  oxygenase  (EC 
1.13.11.11)  (20),  and  tyrosine  aminotrans- 
ferase (EC  2.6.1.5)  (21)  were  determined 
in  whole  liver  homogenates  as  described 
previously.  Inteferon  titers  in  mouse  serum 
were  determined  by  the  50%  plaque  reduc- 
tion assay  on  mouse  L929  cells  challenged 
with  vesicular  stomatitis  virus.  Commercial 
interferon  and  mock  interferon  were  pur- 
chased from  Bionetics  Laboratory  Products 
(Kensington,  Md.).  This  was  produced  by 
infecting  C243-3  cells  with  Newcastle  dis- 
ease virus  (NDV)  and  contained  10®  units 
of  interferon/ml.  Mock  interferon,  prepared 
from  the  same  cells,  had  NDV  added  after 
harvest.  The  virus  was  inactivated  by  expo- 
sure to  pH  2  for  5  days.  Statistical  signifi- 
cance was  determined  by  the  Wilcoxon  rank 
sum  test  (22). 

Results,  Initial  experiments  demonstrated 
that  mice  infected  intravenously  with  1  x 
10*  plaque-forming  units  of  Sindbis  virus 
maintained  a  normal  base  level  of  phospho- 
enolpyruvate carboxykinase  activity  during 
the  first  12  hr  (see  Table  III).  The  same 
level  of  infection  suppressed,  however,  the 
induction  of  the  enzyme  elicited  by  over- 
night fasting.  These  results  are  shown  in 
Table  I.  The  increase  in  enzyme  activity 
that  occurred  in  fasted  mice  was  signifi- 
cantly reduced  in  infected  mice.  Enzyme 
induction  was  also  significantly  inhibited,  in 
mice  injected  with  an  equal  volume  of  Sind- 
bis virus  suspension  that  had  been  irradiated 
with  ultraviolet  light.  Since  less  than  200 
plaque-forming  units  remained  following  ir- 
radiation, these  results  suggest  that  viral 
inhibition  of  phosphoenolpyruvate  carboxy- 
kinase (PEPCK)  induction  is  not  a  direct 
result  of  an  active  viral  infection. 

The  interval  between  Sindbis  injection 
and  the  time  when  hormonal  induction  of 
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phosphoenolpynivate  carboxykinase  was  in- 
hibited was  determined  in  the  same  manner 
as  that  described  previously  for 
poly (rl)  •  poly (rC)  (9).  At  timed  intervals 
following  virus  or  saline  injection,  1  mg  of 
hydrocortisone  acetate  (Sigma)  was  injected 
subcutaneously,  and  enzyme  activity  was 
determined  4  hr  later.  Results  are  shown  in 
Table  II.  Enzyme  activity  was  as  fully  induc- 
ible in  virus-infected  mice  as  in  normal  mice 
for  at  least  4  hr.  Six  hours  after  virus 
infection,  however,  the  enzyme  was  signifi- 
cantly less  responsive  to  hormonal  induction 
(P  <  0.001)  and  the  same  was  evident  also 
at  8  hr.  The  total  elapsed  times  were,  re- 
spectively, 10  and  12  hr. 

The  titer  of  interferon  was  determined  in 
pooled  sera  of  mice  8  hr  after  an  injection 
of  either  live  virus  or  irradiated  virus  in 
amounts  similar  to  those  used  to  obtain  the 

TABLE  I.  Hepatic  Phosphoenolfvruvate 

Carboxykinase  Activity  in  Fasted,  Sindbis- 

Infected  Mice" 


Enzyme 

Signifi- 

activity* 

cance  vs 

Number 

(mean  ± 

fasted 

Treatment 

of  mice 

SEM) 

control 

Fed  controls 

6 

118  ±  15 

P^O.Ol 

Fasted  controls 

6 

191  ±    9 

— 

Fasted   +    1    x    10» 

6 

144  ±  10 

P^O.Ol 

Sindbis  PFU 

Fasted   +   uv-irradi- 

6 

163  ±    8 

P  1^0.05 

ated  Sindbis 

"  All  injections  were  made  iv  in  0.1  ml  at  5:00  pm 
when  food  was  withdrawn.  Enzyme  activity  was  deter- 
mined at  8:00  am  the  following  day. 

*  Micromoles  of  phosphoenolpyruvate  formed  in  6 
min  per  gram  (dry  wt)  of  liver. 


data  in  Table  I.  For  live  virus  the  titc 
1:160  and  for  irradiated  virus  it  was  1 
Since  live  virus  inhibited  the  inducti 
the  enzyme  significantly  more  than 
virus,  there  is  some  doubt  as  to  wheth 
factor  responsible  for  this  effect  is 
feron. 

This  doubt  is  strengthened  by  resul 
tained  with  a  group  of  mice  injected  i 
25,000  units  of  commercial  interferoi 
tained  in  0.2  ml  and  with  another  grc 
animals  given  an  equal  volume  of 
interferon.  After  8  hr  half  the  mice  ii 
group  were  injected  sc  with  1  mg  of  1 
cortisone  acetate  and  4  hr  later  the  li\ 
all  animals  were  assayed  for  PEPCK 
ity.  The  control  and  induced  values  fo 
given  interferon  were,  respectively,  ' 
5  for  seven  mice  and  150  ±  9  for 
mice.  Corresponding  values  for  mice 
mock  interferon  were,  respectively, 
12  for  seven  mice  and  154  ±  10  for 
mice.  It  would  appear,  therefore,  tl 
ruses  present  in  both  preparations 
responsible  for  inhibiting  PEPCK  indi 
This  is  borne  out  by  the  results  ob 
when  the  interferon  and  mock  inte 
preparations  were  centrifuged  for  1 
105,00Qg  and  the  experiments  ju: 
scribed  were  repeated  with  the  super 
fluids.  The  control  and  induced  vali 
mice  given  an  injection  with  the  fluic 
the  interferon  preparation  were,  r 
tively,  160  ±  13  for  seven  mice  and 
16  for  seven  mice.  Corresponding 
for  mice  given  injections  from  the 
interferon  were,  respectively,  158  ± 


TABLE  II.  Hepatic  Phosphoenolfvruvate  Carboxykinase  Acnvrrv  in  Normal  Mice  and  in  M 
AT  Different  Times  Postinfection  wfth  Sindbis  Virus" 


Time  of  hydro- 

Enzyme  activity* 

(mean  ±  SEM) 

ministration 

Control 

mice 

Mice  infected  with  Sindbis  virus 

bis  infection) 

Uninduced 

Induced*^ 

Uninduced 

145  ±6(8) 
149  ±  7  (8) 
170  ±  12(8) 
158  ±  10(8) 
151  ±6(8) 

Induced 

0 
2 
4 
6 
8 

144  ±  7  (8)*' 
151  ±  10(8) 

165  ±  11  (8) 
168  ±  12  (7) 

166  ±  9  (8) 

249  ±  6  (14) 
249  ±  6  (14) 
262  ±  9  (14) 
292  ±  14  (8) 
272  ±  8  (7) 

249  ±  12  (^ 
276  ±  19(1 
268  ±  12  (1 
166  ±  7  (7) 
152  ±  5(1^ 

"  Mice  were  infected  iv  with  10*  plaque-forming  units  of  Sindbis  virus  at  time  zero.  Control  mice  ^ 
infected. 

*  Micromoles  of  phosphoenolpyruvate  formed  in  6  min  per  gram  (dry  wt)  of  liver. 

<*  Mice  were  injected  sc  with  1  mg  of  hydrocortisone  acetate  at  the  time  postinfection  indicated  and  th 
sacrificed  for  enzyme  assays  4  hr  later. 

**  Numbers  in  parentheses  represent  number  of  mice  used  for  the  value  shown. 
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ce  and  281  ±  15  for  seven  mice.  It 

cely,  therefore,  that  interferon  is 

)le  for  blocking  PEPCK  induction 

experiments. 

ffect  of  Sindbis  virus  infection  on 

ir  corticosteroid-inducible  hepatic 

was  investigated  also.  Results  are 
1  Table  III.  Tyrosine  aminotrans- 
jhaved  in  a  manner  similar  to  that 
•hoenolpyruvate  carboxy kinase.  Al- 
infection  did  not  suppress  enzyme 
in  fed  mice,  enzyme  induction  by 
rtisone  was  inhibited  significantly  in 

mice  and  in  mice  injected  with 
rticles  which  had  been  inactivated 
mre  to  ultraviolet  light, 
ffect  of  Sindbis  on  tryptophan  oxy- 
however,  differed  from  that  of  the 
/o  enzymes.  Although  virus  infec- 
Dpressed  hormonal  induction  the 
el  activity  of  tryptophan  oxygenase 
ificantly  depressed  in  infected  mice, 
han  oxygenase,  unlike  the  other  two 
;,  is  apparently  sensitive  to  some 
ction  of  an  active  viral  infection, 
jgestion  is  supported  by  the  obser- 
hat  the  enzyme  was  not  only  fully 
e,  but  was  also  superinducible  in 
jected  with  inactivated  virus  parti- 
ere  is  no  explanation  as  to  why  this 

mon.    These   results   demonstrate 

injection  of  Sindbis  virus  inhibits 

al   induction  of  hepatic   phospho- 

jvate  carboxykinase,  tyrosine  ami- 


notransferase, and  tryptophan  oxygenase. 
Bacterial  endotoxin  (14,  15,  20,  23)  and 
poly (rl)  •  poly (rC)  (9,  24)  also  inhibit  corti- 
costeroid induction  of  hepatic  phosphoenol- 
pyruvate  carboxykinase  and  tryptophan  ox- 
ygenase. The  two  toxic  substances,  how- 
ever, induce  tyrosine  aminotransferase  ac- 
tivity in  mice  rather  than  inhibit  its  induc- 
tion (24,  25).  Since  the  enzyme  does  not 
induce  in  endotoxin-treated,  adrenalecto- 
mized  mice  (25),  the  difference  between 
the  action  of  the  virus  and  these  two  sub- 
stances is  probably  dependent  on  their  abil- 
ity to  stimulate  adrenal-cortical  secretion. 
Our  results  suggest  that  virus  injection,  un- 
like endotoxin  and  poly(rI)-poly(rC),  does 
not  result  in  in  vivo  steroidogenesis. 

We  have  previously  shown  that  the  inhib- 
itory effect  exerted  by  endotoxin  on  phos- 
phoenolpyruvate  carboxykinase  is  mediated 
,  by  a  factor  produced  by  the  poisoned  host 
(26,  27)  and  suggest  that  inhibited  hor- 
monal induction  of  the  three  hepatic  en- 
zymes (with  the  possible  exception  of  tryp- 
tophan oxygenase)  in  Sindbis-infected  mice 
is  mediated  also. 

While  interferon  may  be  responsible  for 
the  inhibitory  effects  in  mice  treated  with 
each  of  these  agents,  proof  will  require 
more  highly  purified  preparations  and  assay 
of  the  enzymes  in  isolated  hepatocytes  or  a 
hepatoma  cell  line.  It  is  important  to  note, 
however,  that  the  time  required  for  inhibi- 
tion of  phosphoenolpyruvate  carboxykinase 
induction  in  Sindbis-infected  mice  (6  to  10 
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III.  Activities  of  Corticosteroid-Inducible  Hepatic  Enzymes  in  Sindbis  Virus-Infected 

Mice" 


Treatment 


Phosphoenolpyruvate 
carboxykinase^ 


Tyrosine  aminotrans- 
ferase *" 


Tryptophan  oxygen- 


1  X  !()•  Sindbis  PFU 
I  mg  of  hydrocortisone 

1   X   10*  Sindbis  PFU;  4  hr 
g  of  hydrocortisone 
uv-Sindbis;  4  hr  after  1  mg  of 
tisone 


148  ±  17(10) 
143  ±  10(5) 
242  ±  10  (6) 
196  ±  11  (6)' 

183  ±9(7)' 


6.6  ±  0.1  (7) 
6.0  ±  0.4(7) 

25.6  ±0.7(21) 

16.7  ±0.7  (uy 

19.9  ±  0.5  {ly 


6.1  ±  0.7(12) 

1.8  ±  1.3(5)' 

23.3  ±  1.4(12) 

13.0  ±  1.5  (ny 

32.1  ±  1.4  (uy 


s  virus  and  uv-inactivated  Sindbis  were  injected  intravenously  in  0.1  ml  of  physiological  saline  at  12:00 

Corticosteroid  (1  mg  of  hydrocortisone  acetate)  was  injected  subcutaneousiy  in  0.2  ml  of  saline  8  hr 

0  AM.  Enzyme  activities  were  determined  4  hr  later  at  12:00  noon.  Values  are  the  mean  ±  SE,  and 

parentheses  represent  the  number  of  mice  used  for  each  determination. 

nolcs  of  phosphoenolpyruvate  formed  in  6  min  per  gram  (dry  wt)  of  liver. 

rams  ofp-hydroxyphenylpyruvic  acid  formed  in  10  min  per  milligram  (dr>'  wt)  of  liver. 

loles  of  kynurenine  formed  in  1  hr  per  gram  (dry  wt)  of  liver. 

antly  different  from  corresponding  control  (P  ^  0.01). 

antly  different  from  corresponding  control  (P  ^  0.001). 
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hr)  coincides  with  the  appearance  of  signifi- 
cant levels  of  interferon  in  the  serum  of 
virus-infected  animals  (16).  In  addition,  in- 
terferon, at  least  in  relatively  high  concen- 
trations, is  known  to  inhibit  steroid  induc- 
tion of  tyrosine  aminotransferase  in  cultured 
hepatoma  cells  (12,  28).  Our  observations 
with  commercially  available  interferon  raise 
doubt  as  to  whether  the  above  referenced 
observations  and  our  own  in  this  report  are, 
in  fact,  due  to  the  action  of  interferon.  This 
question  will  remain  unsettled  until  further 
studies  have  been  completed. 

The  metabolic  significance  of  inhibited 
enzyme  induction  in  Sindbis  infection  re- 
mains to  be  determined.  It  is  pertinent  to 
note,  however,  that  seven  fasted,  Sindbis- 
infected  mice  were  significantly  more  hy- 
poglycemic after  IS  hr  than  an  equal  num- 
ber of  fasted  controls  (64  ±  6  versus  87  ± 
19  mg  of  glucose/dl  of  blood,  respectively, 
P  <  0.05).  While  it  is  premature  to  attribute 
the  low  blood  sugar  level  to  a  suppressed 
activity  of  phosphoenolpyruvate  carboxyki- 
nase,  more  careful  investigation  of  carbo- 
hydrate metabolism  in  virus-infected  mice 
may  prove  revealing. 

Summary,  Hormonal  induction  of  three 
hepatic  enzymes,  phosphoenolpyruvate  car- 
boxykinase,  tryptophan  oxygenase,  and  ty- 
rosine aminotransferase,  was  significantly 
inhibited  in  mice  infected  with  Sindbis  virus. 
Induction  of  phosphoenolpyruvate  carboxy- 
kinase  was  suppressed  whether  it  was  elic- 
ited by  overnight  fasting  or  by  administra- 
tion of  hydrocortisone.  This  enzyme  re- 
sponded normally  to  steroid  induction  4  hr 
after  virus  administration,  but  after  6  hr,  it 
was  significantly  less  responsive.  The  timing 
of  this  effect  corresponds  with  the  appear- 
ance of  interferon  in  the  serum  of  virus- 
infected  mice  and  mice  injected  with  uv- 
irradiated  virus,  but  results  with  commer- 
cially available  interferon  make  it  question- 
able whether  interferon  is  the  factor  respon- 
sible. 

This  research  was  supported  in  part  by  U.S.  Public 
Health  Research  Grant  AI- 10087. 
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presence  of  eosinophils  is  a  hallmark 
gic  inflammatory  reactions,  but  the 
lyed  by  these  cells  in  the  inflamma- 
ocess  has  not  been  definitely  estab- 
Corticosteroids  markedly  ameliorate 
natory  reactions  in  allergic  diseases, 
mechanism  of  the  beneficial  effects 
drugs  in  these  allergic  diseases  is 
;  (1).  Corticosteroids  alter  the  re- 
;  of  certain  cells  involved  in  inflam- 
processes,  for  example,  in  vitro  they 
te  macrophage  migration  (2,  3),  in- 
onchoalveolar  macrophage  aggrega- 
),  inhibit  the  migration  of  polymor- 
lear  neutrophils  (5),  and  may  influ- 
mphocyte  migration  (6).  The  eosin- 
response  induced  by  corticosteroids 
has  been  known  for  many  years,  but 
knowledge  no  effects  of  corticoste- 
1  eosinophils  in  vitro  have  been  dem- 
5d.  Chloroquine  hydrochloride,  an- 
anti-inflammatory  agent,  has  also 
lown  to  affect  migration  of  polymor- 
lear  neutrophils  (5),  but  its  action 
3sinophils  has  not  been  investigated, 
study  we  have  assessed  the  effect  of 
ty  of  agents  including  chloroquine 
ticosteroids  on  the  migration  of  eo- 
Is  using  an  in  vitro  chemotactic  assay. 
rials  and  methods.  Drugs.  Hydrocor- 
odium  succinate  and  methylprednis- 
Ddium  succinate  (Upjohn  Co.,  Kala- 
Mich.)  and  chloroquine  hydrochlo- 
gma  Chemical  Co.,  St.  Louis,  Mo.) 
iluted  in:  CaClz,  0.20  g/liter;  KCl, 
liter;  MgClj,  0.0469  g/liter;  NaCI, 
iter;  NaH2P04H20,  0.050  g/liter; 
,  1.0  g/liter  (Tyrode's  solution. 
Island  Biological  Co.,  Grand  Island, 
vhich  also  contained  2%  human  se- 
bumin   (Sigma   Chemical   Co.,   St. 

orted  in  part  by  grants  from  the  National 
3f  Allergy  and  Infectious  Diseases,  AM  1483 
728,  and  from  the  Mayo  Foundation, 
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Louis,  Mo.)  and  was  denoted  T-HSA.  Es- 
trone and  estradiol  (Sigma  Chemical  Co.) 
were  dissolved  in  absolute  ethanol  and  di- 
luted in  T-HSA  so  that  the  final  ethanol 
concentration  in  the  cell  suspension  was 
0.5%.  The  final  concentrations  of  these 
drugs  were  0.02  (7.9  x  10"*  M)  and  0.1 
mg/ml(3.7  x  lO'^'Af),  respectively.  Testos- 
terone (Sigma  Chemical  Co.)  was  dissolved 
in  absolute  ethanol  to  a  concentration  of 
10"*  M  and  was  diluted  with  T-HSA  to  a 
final  concentration  of  0.28  mg/ml  (10"^  M) 
and  a  final  ethanol  concentration  of  0.5%. 
Chemotactants.  Two  chemotactants  were 
used:  eosinophil  chemotactic  factor  of  ana- 
phylaxis (ECF-A)  and  C5a.  ECF-A  was 
prepared  from  human  lung  tissue  according 
to  Wasserman  and  associates  (7).  Briefly, 
normal  lung  tissue  was  obtained  from  pa- 
tients undergoing  pneumonectomy.  The 
pleura,  large  vessels,  and  bronchi  were  dis- 
sected off;  the  tissue  was  minced  with  fine 
scissors  and  washed  in  Tyrode's  solution 
until  free  of  blood.  It  was  then  suspended 
in  0.15  M  NaCl  in  a  proportion  of  1  g  of 
wet  tissue  per  3  ml  of  saline,  homogenized 
(Virtis  homogenizer,  Gardiner,  N.Y.  Model 
No.  60K)  at  15,000  rpm  for  1  min  and 
centrifuged  at  400g  for  10  min.  Part  of  the 
supernatant  was  stored  in  small  aliquots  at 
.-70**  and  the  remainder  was  lyophilized. 
Samples  were  reconstituted  in  distilled  water 
and  analyzed  by  gel  filtration  on  a  Sephadex 
G-25  column  (50  x  1 .5  cm)  equilibrated  with 
Tyrode's  solution.  C5a  was  prepared  by  treat- 
ing guinea  pig  sera  with  zymosan  (Sigma 
Chemical  Co.)  according  to  Kay  and  associ- 
ates (8).  Briefly,  zymosan  was  boiled,  washed 
twice  in  distilled  water,  and  incubated  for 
30  min  in  a  rotating  37°  water  bath  with 
guinea  pig  sera  using  25  mg  of  zymosan 
per  ml  of  serum.  After  the  zymosan  had 
been  removed  by  centrifugation,  the  super- 
natant was  incubated  at  56°  for  30  min. 
The  heated  serum  was  stored  in  small  ali- 
quots at  -70°  and  a  sample  was  analyzed 
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by  gel  filtration  on  a  Sephadex  G-75  column 
(50  X  1.5  cm)  equilibrated  with  Tyrode's 
solution. 

Cell  preparation.  Cells  obtained  by  peri- 
toneal lavage  of  guinea  pigs  with  normal 
sterile  saline  (9)  were  centrifuged  for  5  min 
at  lOQg,  washed  in  Tyrode's  solution,  and 
resuspended  in  T-HSA  at  a  concentration 
of  10^  cells/mm^.  The  final  preparation  con- 
tained approximately  30%  eosinophils,  the 
remaining  cells  being  mononuclear  in  type. 

Chemotactic  assay,  Chemotaxis  was 
tested  using  a  modified  Boyden  chamber 
(10),  especially  adapted  for  analysis  of  small 
volumes  (Neuroprobe  Company,  Bethesda, 
Md.).  The  chemotactants,  in  a  volume  of 
0.030  ml,  were  placed  in  the  bottom  cham- 
ber, and  the  cell  suspension  was  placed  on 
the  top.  The  chambers  were  separated  by 
an  8-/Lim  Millipore  membrane  (Millipore 
Corporation,  Bedford,  Mass.)  (11).  For 
study  of  the  capacity  of  drugs  to  alter  chem- 
otaxis, 0.05  ml  of  a  solution  of  drug  and 
0.05  ml  of  the  cell  suspension  were  added 
to  the  top  chamber.  After  the  chambers 
had  been  incubated  for  3  hr  at  37°  the 
filters  were  removed  and  stained  with  Car- 
razi's  hematoxylin  and  Chromotrope  2R 
(11).  Migration  of  the  eosinophils  was  mea- 
sured using  the  "in  filter  count"  method 
(12).  In  this  method  an  arbitrary  point  90 
/xm  from  the  top  of  the  stained  membrane 
was  chosen  and  counts  were  made  there 
and  at  every  5  /xm  until  the  bottom  of  the 
filter  was  reached.  All  the  eosinophils  with 
distinct  nuclei  were  counted  at  each  level. 
The  chemotactic  counts  were  expressed  as 
the  mean  cell  count  of  five  high-power  fields 
(11).  The  chambers  were  processed  in  du- 
plicate. In  some  experiments  the  test  drug 
was  placed  in  the  lower  compartment  with 
the  same  volume  of  chemotactant,  in  order 
to  determine  whether  the  action  of  the  drug 
was  directly  on  the  cells  or  on  the  chemotac- 
tant. Because  of  reports  of  cells  dropping 
off  the  top  of  the  filter  and  interfering  with 
the  final  chemotactic  count  (13),  the  liquid 
remaining  in  the  lower  compartment  after 
the  3-hr  incubation  period  was  pelleted  on 
a  slide  using  a  cytocentrifuge  and  was 
stained  with  Wright's  stain.  No  cells  were 
found. 

Viability  assay.  The  effects  of  hydrocorti- 
sone sodium  succinate,  methylprednisolone 


sodium  succinate,  and  chloroquine  h> 
chloride  on  the  viability  of  the  eosino 
were  investigated  by  trypan  blue  exlu: 
After  the  cells  were  incubated  at  37°  1 
hr  with  the  different  concentrations  ol 
drugs,  the  cells  were  diluted  in  0.5%  tr 
blue  in  saline  and  examined  microscopi 
after  10  min.  The  number  of  stained 
per  100  cells  was  taken  as  the  numb( 
killed  cells.  The  results  were  compared 
a  control  consisting  of  cells  in  T-HSA. 

Results.  Gel  filtration  of  the  cherm 
tants.  As  shown  in  Fig.  1,  gel  filtratio 
the  lung  tissue  extract  on  the  Sephade 
25  column  showed  chemotactic  activii 
fractions  eluting  at  volumes  roughly  o 
sponding  to  glycyl-L-tyrosine,  indie 
that  the  chemotactic  substance  had  a  m< 
ular  weight  approximately  the  same  as 
of  ECF-A  (mol  wt  360-390)  (14).  Frac 
obtained  by  gel  filtration  of  zymc 
treated  guinea  pig  sera  were  tested 
chemotactic  activity  as  shown  in  Fig.  2. 
activity  emerged  from  the  column  slij 
before  cytochrome  C  (mol  wt  12,000) 
well  before  bacitracin  (mol  wt  1400), 
eating  that  the  molecular  weight  of 
chemotactant  is  approximately  the  sair 
that  of  guinea  pig  C5a  (mol  wt  15,000) 

Effect  of  corticosteroids  on  chemot 
Corticosteroids  produced  a  dose-relate- 
hibition  of  chemotaxis  induced  by 
ECF-A  and  C5a  with  concentrations  i 
ing  from  0.15  to  2  mg/ml  (examples  sh 
in  Figs.  3  and  4)  corresponding  to  1 
lO"-*  to  4.1  X  10-3  Af,  respectively.  K 
ylprednisolone  appeared  to  be  more  in 
ting  than  hydrocortisone.  In  five  a; 
marked  variation  in  response  was  n 
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Fig.  1 .  Analysis  of  ECF-A  chemotactic  activ 
gel  filtration  of  the  lung  extract.  Markers  are 
dextran  (BD),  bacitracin  (BT),  and  glycyl-L-ty 
(GLT). 
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.  Analysis  of  C5a  chemotactic  activity  by  gel 
of  the  zymosan-treated  guinea  pig  serum. 
are  blue  dextran  (BD),  chymotrypsinogen 
^ochrome  C  (Cyt.  C),  and  bacitracin  (BT). 
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.  Inhibition  of  ECF-A-mediated  eosinophil 
by  hydrocortisone  sodium  succinate  and 
dnisolone  sodium  succinate. 

Is  from  different  guinea  pigs,  but  a 
ated  inhibition  was  always  present, 
hydrocortisone,  in  concentrations 
^om  0.1  to  2  mg/ml,  was  mixed 
!F-A  in  the  lower  compartment,  no 
in  of  the  eosinophil  migration  was 
Jso,  hydrocortisone  together  with 
concentrations  up  to  0.5  mg/ml 
10  inhibition  of  chemotaxis.  Concen- 
of  1  and  2  mg/ml  in  the  chemotac- 
ipartment  caused  13%  inhibition  of 
dil  migration,  whereas  65  and  80% 
►n,  respectively,  were  caused  by  the 
ses  when  placed  in  the  cell  compart- 
liese  results  suggest  that  the  corti- 
d  action  is  directly  on  the  cell  and 
he  chemotactant.  In  order  to  deter- 
hether  inhibitory  action  was  re- 
to  glucocorticosteroids,  three  other 
,  estrone,  estradiol,  and  testoster- 
^re  analyzed  for  their  eosinophil 
ictic  inhibitory  activity  using  ECF- 


A  as  the  chemotactant.  As  a  control,  the 
diluent  alone,  0.5%  ethanol,  was  employed. 
In  the  studies  by  Ward  (5)  this  concentra- 
tion of  ethanol  was  not  inhibitory  for  the 
chemotaxis  of  polymorphonuclear  neutro- 
phils in  vitro.  However,  in  two  assays  per- 
formed with  eosinophils,  20  and  40%  inhi- 
bition was  observed  when  0.5%  ethanol 
was  mixed  with  cells  as  compared  to  the 
control  without  ethanol.  When  comparing 
the  results  for  steroids  to  the  0.5%  ethanol 
control,  there  was  either  no  difference  or 
the  steroids  were  only  slightly  more  inhibi- 
tory (approximately  10%). 

Effect  of  chloroquine  hydrochloride  on 
chemotaxis,  Chloroquine  hydrochloride  was 
tested  for  inhibition  of  eosinophil  chemo- 
taxis in  doses  ranging  from  10~*  to  10"*  Af . 
As  shown  in  Fig.  5  an  inhibitory  effect  was 
observed  with  lower  concentrations  than  in 
the  case  of  the  corticosteroids.  When  placed 
in  the  bottom  chamber  with  C5a,  chloro- 
quine, in  doses  ranging  from  10"^  to  lO"** 
Af ,  caused  no  inhibition  and,  at  a  concentra- 


I 


a 


%  inhibition 

Fig.  4.  Inhibition  of  C5a-mediated  eosinophil  mi- 
gration by  hydrocortisone  and  methylprednisolone. 
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Fig.  5.  Inhibition  of  ECF-A  and  C5a  activity  by 
chloroquine. 
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tion  of  10~^  Af ,  caused  15%  inhibition  com- 
pared to  100%  when  placed  with  the  cells, 
thus  suggesting  a  direct  action  of  this  drug 
on  the  eosinophils. 

Viability  assays.  The  mechanism  of  action 
of  the  corticosteroids  on  the  cells  remains 
to  be  explained.  That  they  do  not  kill  the 
eosinophils  was  demonstrated  by  the  trypan 
blue  exclusion  test.  In  two  assays  the  num- 
ber of  killed  cells  was  much  lower  than  the 
control  (Table  I),  suggesting  that  the  effects 
of  the  drugs  were  to  improve  the  viability 
of  the  eosinophils.  When  eosinophils  were 
incubated  with  chloroquine  in  the  trypan 
blue  exclusion  test,  slightly  fewer  dead  cells 
than  in  the  control  were  obtained  at  chloro- 
quine concentrations  up  to  lO"**  Af.  Above 
this  concentration,  trypan  blue  precipitated 
and  no  conclusions  could  be  drawn. 

Discussion,  The  results  obtained  in  this 
study  indicate  that  two  corticosteroids,  hy- 
drocortisone sodium  succinate  and  methyl- 
prednisolone sodium  succinate,  and  chloro- 
quine hydrochloride  cause  a  drug-related 
inhibition  of  eosinophil  migration  in  vitro, 
and  these  results  are  in  agreement  with  the 
results  of  Goetzl  and  his  associates  who 

TABLE  I.  Eosinophil  Viabilfty 


Staining 
blue 

by  trypan 

Exptl 

Expt2 

Eosinophils  in  Tyrode's  2%  hu- 
man serum  albumin 

15 

24 

Hydrocortisone 
0.2  mg/ml 

1  mg/ml 

2  mg/ml 
4     mg/ml 
8     mg/ml 

0 

1 
4 
2 
4 

_a 

12 
7 
4 
3 

Methylprednisolone 
0.2  mg/ml 

1  mg/ml 

2  mg/ml 
4     mg/ml 

5 

3 

5 

10 

1 
0 

4 

Chloroquine  hydrochloride 
10-«A/ 
10-=^  M 
lO-'M 
10-=  A/ 

30 
18 
26 

_b 
_6 

°  Not  determined. 

*  Trypan  blue  precipitated. 

reported  that  hydrocortisone  and  h) 
chloroquine  suppress  directed  migra 
eosinophils  (15).  In  both  studies  th< 
of  corticosteroids  necessary  to  ohu 
effect  were  much  above  physiologica 
concentrations  of  hydrocortisone  an 
above  high  pharmacological  blood 
For  example,  intravenous  administrs 
100  mg  of  hydrocortisone  yields 
levels  of  up  to  0.0018  mg/ml  (16). 
treatment  of  patients  with  asthma  ^ 
of  hydrocortisone  might  be  administ 
a  single  intravenous  injection,  folio 
a  continuous  intravenous  infusion 
mg  and  finally  another  intravenous  ir 
of  200  mg  a  few  hours  later.  In  this  si 
the  plasma  levels  of  hydrocortisone 
be  very  high,  conceivably  as  high  j 
mg/ml.  However,  as  shown  in  Fig.  2 
levels  would  be  20-fold  lower  thai 
used  in  our  experiments;  our  lowe: 
was  about  0.2  mg/ml.  We  do  noi 
whether  corticosteroids  or  their  den 
might  be  concentrated  in  cells  to 
them  more  potent  physiologically.  ' 
rect  action  of  these  drugs  on  the  cc 
confirmed  by  placing  them  with  the 
tactant  in  the  lower  compartment 
concentrations  caused  minimal  inl 
compared  with  much  more  pronoun 
hibition  seen  when  drugs  were  pla 
rectly  with  the  cell  suspensions.  The  r 
inhibition  seen  with  the  drugs  in  the 
otactant  compartment  may  be  explai 
drug  diffusion  into  the  upper  compa 
Cytotoxic  experiments  demonstrate 
neither  corticosteroids  nor  chloi 
killed  the  eosinophils.  The  mechan: 
actions  of  these  drugs  are  unclear.  A 
chloroquine  affects  the  morphology  o 
ophil  granules  in  man  and  the  r; 
18),  there  is  no  evidence  that  this 
alters  the  ability  of  the  cell  to  show  d 
migration.  Lysosomal  membrane  st 
tion  could  be  important  (8,  19,  20). 
chemotaxis  of  neutrophils  serine  es 
are  activated  (21),  but  these  have  n< 
studied  in  relation  to  eosinophilota> 
have  the  effects  of  corticosteroids  or 
esterases  been  reported. 

Summary.  In  anm  vitro  chemotacti 
using  a  modified  Boyden  chamber, 
tion  of  anti-inflammatory  agents  on  ^ 
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vas  studied.  Hydrocortisone  so- 
late,  methylprednisolone  sodium 
and  chloroquine  hydrochloride 
dose-related  inhibition  of  migra- 
inophils  to  ECF-A  and  C5a.  The 
iction  appeared  to  be  directly  on 
nd  it  was  not  caused  by  lysis  of 
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Several  investigators  have  examined  the 
possible  role  of  cerebrospinal  fluid  (CSF)  in 
the  transport  of  thyrotropin-releasing  hor- 
mone (TRH)  to  the  pituitary  gland  by  com- 
paring the  relative  effectiveness  of  intraven- 
tricular and  intravascular  TRH  in  altering 
pituitary  or  thyroid  function.  On  the  basis 
that  CSF  offers  a  smaller  dilution  volume 
and  a  longer  half-life  for  TRH  (1),  it  was 
reasoned  that,  if  CSF  is  involved  in  TRH 
transfer,  intraventricular  TRH  injection 
might  be  more  effective  in  stimulating  the 
pituitary  gland  than  intravenous  injection. 
However,  Gordon  et  al,  (2)  found  that 
intraventricular  TRH  was  much  less  effec- 
tive in  elevating  plasma  thyrotropin  (TSH) 
than  jugular  injection,  while  Oliver  et  al. 
(3)  reported  that  the  two  routes  were  about 
equal.  Kendall  et  al.  (1)  concluded  that 
lateral  ventricular  and  jugular  injections  of 
TRH  were  equal  in  stimulating  iodine 
release  from  the  thyroid.  These  observa- 
tions indicate  that,  although  intraventricu- 
larly  injected  TRH  does  reach  the  pituitary 
gland,  TRH  by  this  route  is  not  more  effec- 
tive than  by  the  intravenous  route.  This 
suggests  that  CSF  may  not  be  important  for 
the  transport  of  TRH. 

Each  of  these  studies  utilized  rats  anes- 
thetized with  agents  known  to  alter  the 
concentrations  of  plasma  hormones  includ- 
ing TSH  (4-7).  Thus,  important  differences 
between  the  two  routes  of  TRH  administra- 
tion may  have  been  masked  in  these  studies 
by  the  anesthetic  agents.  The  present  study 
compares  the  relative  effectiveness  of  var- 
ious doses  of  intraventricular  and  intravascu- 
lar TRH  to  alter  thyroid  gland  function  in 
unanesthetized  calves  in  order  to  examine 
the  possibility  of  CSF  transport  of  TRH. 

'  Contribution  from  the  Missouri  Agricultural  Ex- 
periment Station,  Journal  Series  No.  7735.  Approved 
by  the  Director. 
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Materials  and  methods.  The  Guernsey 
bull  calves  (40-60  kg,  4-6  months  old)  used 
in  these  studies  were  housed  in  a  controlled 
environment  at  20  ±  1**  and  with  14  hr  of 
light  per  day.  A  maintenance  ration  was 
fed  twice  daily  and  water  was  provided  ad 
libitum.  The  calves  were  prepared  with  lat- 
eral ventricular  guide  cannulae  at  least  1 
month  before  the  start  of  the  experiments 
(8).  The  patency  of  the  ventricular  cannula 
was  confirmed  before  and  after  each  study 
by  removing  clear  CSF.  Cannula  locations 
were  also  confirmed  by  dissection  at  au- 
topsy. 

In  the  first  study,  three  calves  were 
treated  with  intraventricular  and  intravas- 
cular injection  of  synthetic  TRH  (Abbott 
Laboratories,  North  Chicago)  in  0.9%  sa- 
line at  doses  of  0,  12.5,  25,  50,  100,  and 
200  fig.  A  minimum  of  2  days  lapsed  be- 
tween the  start  of  these  individual  treat- 
ments. After  a  200- /ig  dose,  however,  the 
next  treatment  was  not  given  until  4  days 
later.  Examination  of  the  data  indicated 
that  these  intervals  were  sufficient  to  allow 
for  return  of  thyroxine  to  basal  levels.  All 
injection  solutions  were  sterilized  by  filtra- 
tion. Chronic  jugular  vein  catheters,  in 
place  several  days  before  the  start  of  the 
experiment,  were  used  for  blood  sampling 
and  injection.  Injection  volumes  were  0.1 
ml  for  the  ventricular  route  and  1  ml  for 
the  jugular  route.  For  lateral  ventricular 
injection,  the  injector  cannula,  tubing,  and 
syringe  were  completely  prefilled  with  the 
treatment  solution.  After  ventricular  injec- 
tion, the  cannula  was  left  in  place  for  at 
least  1  min.  Following  jugular  injection  of 
the  treatment  solution,  the  catheter  was 
flushed  with  3  ml  of  saline.  Six  milliliters  of 
blood  were  withdrawn  from  the  jugular  vein 
with  heparinized  syringes  10  min  before  in- 
jection, and  then  10,  20,  and  30  min  and  1, 
1 .5,  2,  3,  4,  5,  6,  8,  10,  12,  and  23  hr  after 
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ventricular  or  jugular  injection.  After 
ugation,  the  plasma  was  stored  frozen 
isay. 

he  second  study,  five  calves  (three 
Study  I)  were  treated  by  the  two 
with  saline  and  100  /xg  of  TRH. 
:  for  8-  and  10-hr  samples,  blood  was 
awn  at  the  times  listed  for  Study  I. 
ther  procedures  used  were  as  de- 
1  above. 

roxine  was  measured  in  duplicate  25- 
sma  samples  using  the  radioimmu- 
y  method  of  Premachandra  and  Ibra- 
))  as  modified  by  Vanjonack  (10), 
ng  the  use  of  the  charcoal  separation 
jue  of  Herbert  eial,  (11),  The  coeffi- 
of  variation  for  pooled  plasma  sam- 
ere  9.1%  between  assays  of  11.1% 
assays.  Data  were  analyzed  by  anal- 
variance;  individual  sample  means 
rompared  at  the  0.05  level  by  the 
gnificant    difference    procedure    in 


Study  I  and  by  Duncan's  new  multiple-range 
test  in  Study  II  (12).  The  linear  regression 
between  thyroxine  levels  and  first  1 1  sam- 
pUng  times  was  also  calculated  for  each 
treatment  group  (13).  All  TRH  injection 
groups,  except  the  12.5-/xg  intraventricular 
group,  showed  significant  (P  <  0.0001) 
linear  regressions.  Goodness  of  fit  tests  on 
these  regressions  indicated  that  the  linear 
equations  were  an  acceptable  representa- 
tion of  the  data. 

Results.  In  the  dose-response  study  (I), 
thyroxine  levels  reached  their  maxima  4  to 
8  hr  after  intraventricular  injection  of  TRH 
(Fig.  lA).  Only  in  the  200- /xg  dose  group 
did  thyroxine  levels  remain  significantly  el- 
evated 8,  10,  and  12  hr  after  treatment. 
Twenty-three  hours  after  injection,  none  of 
the  groups  showed  significantly  elevated 
thyroxine  levels.  On  the  basis  of  comparing 
means,  there  was  no  indication  that  the 
12.5-  and  25-/xg  dose  groups  were  effective 


5  6  8  10 


HOURS  POST-INJECTION 

1.  Plasma  thyroxine  concentrations  at  various  times  following  intraventricular  (A)  and  jugular  (B) 
I  of  saline  and  five  dose  levels  of  thyrotropin-releasing  hormone  (TRH).  Each  bar  represents  the  mean 
cate  determinations  from  three  calves.  Standard  error  of  the  mean  is  shown  as  a  vertical  line.  A 
nt  difference  between  a  postinjection  mean  and  a  corresponding  preinjection  mean  is  shown  either  as  a 
<  0.05)  or  an  open  circle  (P  <  0.06).  Postinjection  means  for  the  10-,  20-,  30-,  and  90-min  samples 
rn  on  Fig.  2. 
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at  any  time.  There  was  also  no  indication 
that  thyroxine  levels  in  any  group  at  10, 
20,  30,  or  90  min  after  injection  were 
significantly  changed  from  preinjection  lev- 
els (these  means  are  plotted  on  Fig.  2A). 

Using  only  the  first  6  hr  of  intraventricu- 
lar data,  regression  analysis  indicated  that 
thyroxine  concentrations  increased  linearly 
with  time  in  the  200- ,  100-,  50-,  and  25-/xg 
dosage  groups  (Fig.  2A).  Slopes  of  the 
regression  lines  for  these  groups  were  differ- 
ent from  zero  {P  <  0.0001).  With  saline 
and  12.5-/xg  TRH  treatments,  no  significant 
linear  regression  was  found.  This  analysis 
suggests  that  intraventricular  TRH  at  dos- 
ages of  25  fjLg  or  more  are  effective  in 
elevating  plasma  thyroxine  levels. 

Following  jugular  injection  of  TRH 
(Study  I),  thyroxine  concentrations  in- 
creased significantly  (P  <  0.05)  from  prein- 
jection level  to  peak  at  10  hr  with  200  /xg 
of  TRH,  at  6  hr  with  100  /xg,  at  8  hr  with 
50  /xg,  at  5  hr  with  25  /xg  (N.S.),  and  at  5 


A.  Intravvntiicular 
200  MO  TRH    b  >  5.54* 


Fig.  2.  Plasma  thyroxine  concentrations  for  the 
first  6  hr  after  intraventricular  (A)  and  jugular  (B) 
injection  of  saline  and  five  dose  levels  of  thyrotropin- 
releasing  hormone  (TRH).  Each  of  the  data  points  is 
the  mean  of  determinations  from  three  calves.  Solid 
lines  were  fitted  to  individual  values  by  the  least- 
squares  method.  Asterisks  show  slopes  that  are  differ- 
ent from  zero  (P  <  0.0001). 


hr  with  12.5  /xg  (Fig.  IB).  At  the  23-hr 
sample,  only  the  100-  and  200- /xg  groups 
showed  significantly  elevated  thyroxine  lev-  | 
els  (P  <  0.05).  The  earliest  significant  (P 
<  0.05)  elevations  were  seen  at  3  hr  when 
levels  were  increased  above  the  preinjection 
levels  in  all  groups  except  the  50- /xg  TRH. 

Regression  analysis  of  the  first  6  hr  of 
jugular  data  indicated  that  plasma  thyroxine 
concentrations  increased  linearly  with  time 
with  all  TRH  dosage  groups  (Fig.  2B). 
Slopes  of  all  the  TRH  linear  regression  lines 
were  different  from  zero  (P  <  0.0001)  but 
none  were  different  from  each  other,  while 
saline  injection  data  did  not  yield  a  signifi- 
cant linear  regression.  A  /  test  compari- 
son of  regression  slopes  for  the  same  doses 
between  the  two  routes  of  TRH  administra- 
tion indicated  significant  differences  (P  < 
0.05)  between  the  routes  with  the  12.5-, 
25-,  and  50-/xg  dosage  groups,  but  no  differ- 
ences with  the  100-  and  200-/xg. 

In  the  second  study  (II),  involving  five 
calves,  comparisons  were  made  between 
routes  after  injection  of  saline  and  100  fig 
of  TRH.  By  comparison  to  preinjection 
levels,  thyroxine  was  elevated  in  both  TRH 
groups  at  all  sampling  times  from  1 .5  to  23 
hr  (Fig.  3).  Regression  analysis  indicated 
that  thyroxine  concentrations  in  both  TRH- 
injected  groups  varied  linearly  with  time 
for  the  first  6  hr.  The  slopes  of  the  lines 
were  7.10  for  the  intraventricular  route  and 
6.18  for  the  jugular  route.  These  slopes 
were  not  significantly  different  from  each 
other  or  from  the  slopes  of  100-/xg  dose 
groups  in  Study  I;  however,  they  were  dif- 
ferent from  zero  (P  <  0.0001).  Lines  fitted 
by  least-squares  method  for  the  saline 
groups  had  slopes  of  1 .78  for  the  intraven- 
tricular route  and  .75  for  the  jugular  routes; 
neither  was  significantly  different  from  zero. 

Discussion,  The  thyroxine  response  to 
TRH  appears  to  be  directly  related  to  the 
TRH  dosage.  This  relationship  is  clearest 
with  ventricular  injection  at  the  6-hr  sample 
time  (Fig.  1  A)  and  with  the  rank  order  of 
change  of  thyroxine  concentrations  from 
preinjection  to  peak  levels.  Except  for  the 
25-/xg  dose  group,  equivalent  data  from  the 
jugular  route  treatment  also  shows  a  dose- 
response  relationship  (see  Fig.  IB).  Com- 
paring the  two  routes,  Kendall  et  al.  (1) 
noted  that  thyroidal  iodine  release  varied 
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Plasma  thyroxine  concentrations  at  various 
intraventricular  (A)  or  jugular  (B)  injection 
id  100  fig  of  thyrotropin-releasing  hormone 
udy  II).  Each  point  shows  the  mean  of  five 
the  standard  error. 


vith  the  TRH  dose;  while  Oliver  et 
und  dose-related  changes  in  plasma 
centration. 

highest  dose  levels  (100  /xg  =  2 
OO  /xg=  4  /xg/kg),  the  effectiveness. 

to  elevate  plasma  thyroxine  was 
nilar  for  the  intraventricular  and 
outes  (compare  Figs.  1,  2,  and  3). 
et  al,  (1),  using  etherized  rats  and 
/xg  of  TRH/kg,  also  found  that  the 

TRH  to  stimulate  thyroidal  iodine 
/as  equal  for  the  two  routes.  Simi- 
iver  et  al.  (3)  observed  little  differ- 
iveen  the  two  routes  in  terms  of  the 
tiess  of  300  ng  of  TRH/kg  to  ele- 
ma  TSH  levels  in  rats  anesthetized 
itobarbital.  These  observations  in- 
lat  intraventricular  TRH  is  trans- 
ut  of  the  brain  and  is  effective  in 
ng  the  pituitary-thyroid  axis.  The 
f  of  responses  with  anesthetized 
nesthetized  animals  suggests  that, 

high  TRH  dose  levels,  anesthesia 

alter  the  ability  of  intraventricular 
stimulate  the  pituitary-thyroid  axis. 
5  lower  dose  levels,  the  ability  of 

elevate  thyroxine  concentrations 
iriy  dependent  upon  the  route  of 
ration.  All  TRH  dose  levels  by  the 
route  were  effective  in  elevating 


thyroxine  concentrations,  whereas  only  the 
three  highest  doses  were  clearly  effective 
by  the  intraventricular  route.  Intraventricu- 
lar 12.5-/xg  TRH  (=250  ng/kg)  was  not 
effective  and  the  potency  of  25  fig  (=500 
ng/kg)  was  only  marginal.  Oliver  et  al.  (3) 
reported  that  with  anesthetized  rats,  30  ng 
of  TRH/kg  injected  into  the  cerebral  ventri- 
cles produced  a  much  smaller  increase  in 
plasma  TSH  levels  than  when  the  same 
dose  was  given  by  jugular  injection.  Using 
pentobarbital-anesthetized  rats,  Gordon  et 
al.  (2)  injected  50  ng  of  TRH  (=170  ng/ 
kg)  at  various  sites  and  found  that  intrapi- 
tuitary  injection  resulted  in  the  greatest  in- 
crease in  plasma  TSH  while  the  intraventric- 
ular route  produced  the  smallest  increase. 
These  observations  indicate  that  when  lower 
doses  of  TRH  are  used,  ventricular  TRH 
injection  is  clearly  less  effective  than  intra- 
vascular injection.  Since  the  results  from 
anesthetized  animals  are  similar  to  those 
seen  with  the  unanesthetized  calves,  anes- 
thesia is  apparently  not  a  major  factor  in 
impeding  the  action  of  these  lower  doses  of 
intraventricular  TRH. 

It  is  not  possible,  at  the  present  time,  to 
evaluate  critically  the  relative  importance 
of  CSF  transport  of  TRH  because  we  do 
not  know  what  portion,  if  any,  of  the  total 
hypophysiotropic  TRH  actually  travels 
through  CSF  to  reach  the  pituitary  gland. 
What  the  present  study  offers  are  answers 
to  several  questions  important  to  the  trans- 
port issue.  Our  results  are  consistent  with 
previous  reports  (see  above)  which  show 
that  TRH  can  transfer  from  CSF  to  blood 
to  stimulate  pituitary  and  thyroid  secretion. 
This  transfer  process  is  apparently  not  af- 
fected by  anesthetics  known  to  influence 
TSH  secretion.  The  effectiveness  of  TRH 
to  stimulate  the  pituitary-thyroid  axis  is 
clearly  not  identical  for  the  two  routes  of 
administration.  If  the  two  routes  were 
equal,  this  would  suggest  that  movement  of 
TRH  from  CSF  to  the  pituitary  gland  is 
dependent  primarily  upon  the  same  physical 
forces  governing  distribution  in  the  circula- 
tory system.  Since  the  transfer  of  ventricular 
TRH  to  the  pituitary  gland  appears  to  be 
impeded  by  comparison  to  vascular  injec- 
tion, cellular  activity  might  be  involved  at 
some  point  in  the  transfer  of  TRH  from 
CSF  to  blood. 
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Several  observations  suggest  that  the  me- 
dian eminence  is  involved  in  the  transfer 
of  substances  from  CSF  to  portal  capillaries. 
Goldgefter  (14)  found  that  tritiated  LH-RH 
injected  into  the  lateral  ventricle  penetrated 
into  subependymal  areas  of  the  median  em- 
inence by  ordinary  diffusion  and  accumu- 
lated in  cells  in  the  external  zone  by  a 
nondiffusion  process.  Ependymal  cells  of 
the  median  eminence  have  been  demon- 
strated to  take  up  labeled  LH-RH  (15)  and 
TRH  (16,  17)  following  intraventricular  in- 
jection. Labeled  TRH  is  also  detected  in 
the  anterior  pituitary  gland,  as  well  as  the 
median  eminence,  shortly  after  third  ventri- 
cle infusion  (18).  Oliver  et  al.  (3)  found 
that  after  lateral  ventricle  injection  of  la- 
beled TRH,  both  the  appearance  of  TRH 
in  portal  blood  and  the  increase  in  plasma 
TSH  were  delayed  by  comparison  to  intra- 
venous TRH  injection.  Although  our  results 
do  not  indicate  a  route  or  mechanism  for 
TRH  action,  the  above  studies  suggest  that 
transport  of  TRH  by  the  median  eminence 
may  impede  TRH  transfer  from  CSF  to 
blood  and  thus  could  account  for  the  re- 
duced effectiveness  of  the  intraventricular 
route. 

Summary,  Various  doses  of  TRH  (12.5, 
25,  50,  100,  and  200  /uig)  were  injected 
into  the  lateral  ventricle  and  jugular  vein  of 
unanesthetized  calves  to  examine  the  possi- 
bility of  CSF  transport  of  thyrotropin-re- 
leasing  hormone  (TRH).  At  higher  doses 
(100  and  200  /uig),  there  was  no  major 
difference  in  efjfectiveness  of  jugular  and 
ventricular  TRH  to  elevate  thyroxine  levels. 
Thyroxine  levels  were  significantly  elevated 
as  early  as  1.5  hr  and  peaks  occurred  6  to 
12  hr  after  100  pig  of  TRH.  At  the  lower 
doses  (<  100  pig),  the  effectiveness  of  TRH 
to  elevate  thyroxine  levels  was  clearly  route 
dependent.  All  TRH  doses  (<100  /mg)  by 
jugular  injection  were  effective,  while  only 
the  50-/uig  intraventricular  dose  was  clearly 
effective.  These  observations  indirectly  in- 
dicate that  TRH  is  transferred  from  CSF  to 
the  vascular  system.  This  transfer  process, 
possibly  involving  cells  of  the  median  emi- 
nence, may  impede  the  movement  of  TRH 


to  blood  and  thus  account  for  the  reduced 
effectiveness  of  intraventricular  TRH. 
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long  the  indispensable  amino  acids, 
ionine  is  unique  because  both  of  its 
jrs  have  equal  nutritive  value  when 
i  to  a  diet  at  levels  near  the  animal's 
ry  requirement  (1).  This  raises  spec- 
m  concerning  the  biopotency  of  the  d 
L  isomers  of  homocysteine,  since  ho- 
steine  is  a  normal  intermediate  in 
conversion  of  methionine  to  cysteine, 
litive  information  is  lacking  concem- 
fficacy  of  the  isomers  of  homocysteine 
urces  of  methionine  per  se  or  cysteine 

virtually  all  nutritional  research  with 
)cysteine,  the  oL-racemic  mixture  has 

used.  Moreover,  cysteine  status  of 
mimal  has  not  been  clearly  defined, 
resulting  data  have  therefore  been 
ult  to  interpret.  Conflicting  reports 
IT  in  the  literature  (2-9)  regarding 
fficacy  of  homocysteine  as  a  source  of 
r    amino   acids    (SAA).    The   earliest 

by  du  Vigneaud  et  al.  (2)  indicated 
ilation  of  growth  in  rats  when  dl- 
>cysteine  was  added  to  a  cystine-defi- 

diet.  They  suggested,  however,  that 
isomers  were  not  equal  in  biopotency. 
Libsequent  work,  Dyer  and  du  Vig- 
dl  (4)  observed  that  growth  of  rats  fed 
nocysteine  in  a  cystine-deficient  diet 
^qual  to  that  of  rats  fed  the  l  isomer, 
ugh  both  isomers  were  inferior  to  l- 
ine. 

e  transmethylation  of  homocysteine 
ethionine  (Fig.  1)  has  become  a  gen- 
f  accepted  concept  based  upon  early 
th  data  with  rats  and  chicks  (5-7). 
original  research  was  done  without 
lid  of  a  carefully  defined  purified  diet 

as  such,  nutrient  imbalances  were 
non.  Rose  and  Rice  (5)  observed  re- 
ses  in  rats  to  oL-homocysteine  when 
d  to  a  SAA-free  diet,  but  growth  was 

lUoduced  by  Willard  J.  Visek. 

3  whom  correspondence  should  be  addressed. 


Still  inferior  to  that  of  rats  fed  oL-methio- 
nine.  du  Vigneaud  and  co-workers  (6), 
feeding  a  purified  diet  similar  to  that  of 
Rose  and  Rice,  observed  that  growth  of 
rats  fed  oL-homocysteine  equaled  that  of 
rats  fed  oL-methionine.  It  should  be  noted, 
however,  that  rats  fed  oL-methionine 
gained  only  1  g/day,  a  growth  rate  of 
questionable  magnitude  for  evaluating 
transmethylation  activity. 

The  purpose  of  our  assays  was  to  evalu- 
ate the  D  and  l  isomers  of  homocysteine* 
as  sources  of  either  methionine  or  cysteine 
for  chicks  fed  a  purified  L-amino  acid  diet 
that  allowed  strict  control  of  methionine 
and  cysteine  status. 

Materials  and  methods.  Male  chicks  re- 
sulting from  the  cross  of  New  Hampshire 
males  and  Columbian  females  were  used 
in  all  assays.  Care  of  chicks  prior  to  the 
start  of  each  assay  and  procedures  of  ex- 
perimental allotment  have  been  described 
(10).  The  basal  diet  (Table  I)  was  devoid 
of  sulfur  amino  acids,  and  all  additions 
were  made  at  the  expense  of  cornstarch. 
Feed  and  water  were  offered  ad  libitum. 
Growth  and  feed  efficiency  were  mea- 
sured. Data  were  analyzed  by  analysis  of 
variance  techniques,  and  pooled  standard 
errors  were  calculated  for  each  response 
parameter. 

Assay  1  was  designed  to  determine  the 
efficacy  of  the  d  and  l  isomers  of  homocys- 
teine as  sources  of  methionine  or  cysteine. 
A  cystine-deficient  diet  series  and  a  methi- 
onine-deficient  diet  series  were  fortified 
with  either  d-  or  L-homocysteine,  and  per- 
formance was  compared  with  an  equimo- 

'  L-  and  D-homocysteine  were  provided  as  homo- 
cysteine thioiactone  hydrochloride  (De  Gussa,  Inc.), 
a  compound  equal  to  homocysteine  in  biological 
activity.  Male  chicks  in  our  laboratory  fed  SAA- 
deficient  diets  to  which  were  added  isosulfurous 
quantities  of  DL-homocysteine  or  OL-homocysteine- 
thiolactone  •  HCl  from  Day  8  to  Day  20  posthatching 
gained  129.5  and  129.6  g,  respectively. 
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F.G.  1.  Scheme  of  homocysteine  interconversion. 
0  BHMT,  Betaine-homocysteine  methyltransfer- 
ase;  O  N»  MTHF-HCMT,  AP-methyltetrahydrofol- 
ate-homocysteine  methyltransferase. 


lar  level  of  L-cystine  or  l- methionine,  re- 
spectively. In  the  cysteine  series,  suffi- 
cient methionine  (0.30%)  was  present  to 
meet  the  chick's  physiological  requirement 
and,  in  the  methionine  series,  sufficient 
cystine  (0.25%)  was  provided  to  cover  the 
physiological  requirement  for  cystine  (11). 

Assay  2  was  designed  to  ascertain  if 
performance  of  chicks  fed  graded  levels  of 
L-homocysteine  as  a  source  of  methionine 
could  be  made  equal  to  that  of  chicks  fed 
L-methionine  itself.  L-Cystine  was  in- 
cluded in  all  diets  at  0.35%  to  ensure  that 
it  would  not  be  growth  Hmiting.  Treat- 
ments (Table  III)  consisted  of  graded  levels 
of  L-methionine  to  establish  a  standard 
curve  and  graded  levels  of  L-homocysteine 
to  generate  a  dose-response  curve  that 
could  be  related  to  the  L-methionine  stan- 
dard curve.  The  slope-ratio  approach  (10, 
11)  was  used  to  determine  the  efficacy  of 
L-homocysteine  as  a  source  of  methionine. 

Comparative  growth  of  chicks  fed  L-ho- 
mocysteine as  a  source  of  methionine  in 
diets  containing  two  levels  of  choline  was 
evaluated  in  assay  3.  All  diets  were  made 
adequate  in  L-cystine,  and  isosulfurous 
levels  of  L-methionine  and  L-homocysteine 
were  fed.  Choline  chloride  was  included 
in  the  diet  at  either  0.20  or  0.50%. 

Assay  4  evaluated  homocysteine  in  diets 
with  and  without  dietary  cystine.  Work 
by  various  researchers  (2-9),  which  had 
shown  homocysteine  to  be  a  good  source  of 
methionine,  was  done  with  diets  that  were 
Hmiting  in   both  cysteine  and  methionine. 


Thus,  homocysteine  was  serving 
source  of  total  sulfur  amino  acids  (T 
in  these  studies  rather  than  as  a  sou 
methionine  alone.  Assay  4  was  the 
designed  to  determine  if  methionin 
cysteine  must  both  be  limiting  in 
for  homocysteine  to  be  utilized  effic 
DL-Homocysteine^  was  used  in  this 
due  to  exhaustion  of  the  supply  of  L-i 
cysteinethiolactone  hydrochloride. 

Results  and  discussion.  Chicks  1 
homocysteine  as  a  source  of  C) 
gained  as  fast  and  as  efficiently  as 
fed  L-cystine  (Table  II).  Relative  gai 
reduced  to  68%,  however,  for  chicks 
homocysteine.  Both  l-  and  D-homoq 
were  poorly  utilized  as  sources  of  n 
nine  in  diets  where  the  cysteine  re 
ment  had  been  met  by  provision  of  ( 
L-cystine.  Relative  gain  for  the  8-day 
for  chicks  fed  L-homocysteine  was 
that  of  chicks  fed  L-methionine,  an( 
7%  when  D-homocysteine  was  fed. 
results  indicate  that  the  chick  fed 
tine-adequate  diet  cannot  efficientl) 
vert  either  l-  or  D-homocysteine  to 
onine.  In  contrast,  chicks  fed  methi 
adequate  diets  can  convert  homoc} 
to  cysteine  much  more  efficiently.  1 
knowledge,  this  has  been  the  first  w* 
quantify  the  transmethylation  con\ 
of  D-  and  L-homocysteine  to  meth 
under  conditions  of  cysteine  ade* 
However,  homocysteine  utilizatior 
been  studied  by  Dyer  and  du  Vignea 
and  du  Vigneaud  et  al.  (2)  in  ra 
diets  deficient  in  cystine. 

Results  of  assay  2  are  shown  in 
III.   Chicks  responded   linearly   to  { 
levels  of  L-methionine  resulting  in  a 
dard  curve  with  a  slope  of  36.44  g  o 
mmole   of  L-methionine   intake   as 
in  Fig.  2.  Chicks  fed  graded  levels 
homocysteine  responded  in  a  manne 
described    by    a    broken-line    least-s 
model   as   shown   in   Fig.    2.    Chicki 
intakes    of    L-homocysteine    up    to 
mmole   gained   28.30   g/mmole   of  i 
Chicks    with    intakes    greater    than 
mmole  of  L-homocysteine  gained  onl 

^  DL-Homocysteine  supplied  by   De  Guss 
West  Germany. 
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TABLE    I.  Composition  of  Basal  Diet 


Ingredi 

lent 

(%) 

Amino  acid  mixture 

(g/19.78g) 

omstarch 

to  100 

L- Arginine  •  HCl 

1.15 

mine  acid  mixture 

19.78 

L-HistidineHCl- 

H^O 

0.45 

omoil 

15.00 

L-LysineHCl 

1.14 

lit  mixture' 

5.37 

L-Tyrosine 

0.45 

ellulosc* 

3.00 

L-Tryptophan 

0.15 

aHCOa 

1.00 

L-Phenylalanine 

0.50 

fioline  chloride 

0.20 

L-Methionine 

— 

itamins' 

0.20 

L-Cystine 

- 

Tocopherol  acetate 

(20  mg/kg) 

+ 

L-Threonine 

0.65 

thoxyquin  (125  mg/kg) 

+ 

L-Leucine 

1.00 

L-Isoleucine 

0.60 

L- Valine 

0.69 

Glycine 

0.60 

L- Proline 

0.40 

L-Glutamic  acid 

12.00 

Total 

19.78 

«  Katzand  Baker  (10). 

*  Solka  Roc,  Brown  Company,  Chicago,  111. 

TABLE  11.  Performance  of  Chicks  Fed  d-  and  l- Homocysteine  as  a  Source  of  Efther  Methionine 

OR  Cystine  (Assay  1)** 


Level  of  SAA(%)* 

Gain 
(g) 

Relative 
gain 
(%) 

Diet 

L-M 

L-C 

L-HC 

D-HC 

Gain/feed 

1 

0.30 

_ 

_ 

_ 

39.4 

35 

0.40 

2 

0.30 

0.25 

— 

— 

113.9 

100 

0.72 

3 

0.30 

— 

0.28'- 

_ 

110.0 

97 

0.71 

4 

0.30 

- 

- 

0.28*- 

77.4 

68 

0.59 

5 

— 

0.25 

0.27" 

— 

32.3 

28 

0.44 

6 

— 

0.25 

— 

0.27*' 

7.9 

7 

0.16 

7 

0.30 

0.25 

0.28 

— 

103.8 

91 

0.71 

8 

0.30 

0.25 

- 

0.28 

101.2 

89 

0.72 

K)led  SE 

2.4 

3 

0.01 

"  Average  of  triplicate  groups  of  seven  male  chicks  for  the  period  8  to  16  days  posthatching;  average  initial 

sight  was  82  g. 

*  SAA,  Sulfur  amino  acids;  L-M,  L-methionine;  L-C,  L-cystine;  o  and  l  isomers  of  homocysteine  (HC)  were 

3vided  as  homocysteinethiolactone  hydrochloride. 

*"  Isosulfurous  toO.25%  L-cystine. 

**  Isosulfurous  to  0.30%  L-methionine. 


mmole.  Using  the  slope-ratio  technique, 
vels  of  intake  up  to  0.765  mmole  res^ulted 
0.777  mmole  of  L-methionine  activity/ 
mole  of  L-homocysteine  (i.e.,  28.30  g  of 
lin/mmole  of  L-homocysteine  -r  36.44  g  of 
lin/mmole  of  L-methionine).  Therefore, 
homocysteine,  at  intakes  less  than  0.765 
mole,  was  77.7%  as  efficacious  as  L-me- 
jonine  in  supporting  growth.  Similarly, 
hen  intake  exceeded  0.765  mmole  the 
fiiciency  was  reduced  to  15.4%  on  a  molar 
isis.  This  type  of  response  is  similar  to 
lat  seen  in  nutrient  requirement  studies 
here  no  additional  growth  response  oc- 
irs  when  intake  of  a  nutrient  is  in  excess 
its      physiological      requirement      for 


growth.  In  this  case,  however,  the  re- 
sponse plateau  would  indicate  a  saturation 
of  the  transmethylation  activity  for  rea- 
sons that  can  only  be  speculated.  The  two- 
slope  response  seen  here  may  be  the  rea- 
son for  conflicting  data  in  the  literature. 
Careful  examination  of  the  amount  of  ho- 
mocysteine supplementation  relative  to 
this  response  curve  is  therefore  important 
when  evaluating  the  degree  of  homocys- 
teine transmethylation. 

Amos  and  co-workers  (9)  recently  re- 
ported weight  gains  of  80  to  90%  for  rats 
fed  homocysteine  (provided  as  DL-homo- 
cysteinethiolactone  •  HCl)  relative  to  rats 
fed    DL-methionine.    However,    the    basal 
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TABLE  III.  Performance  of  Chicks  Fed 

Graded  Levels  of  l- Homocysteine  as  a  Source 

OF  Methionine  (Assay  2)"* 


Source  of  SAA(%)- 

Gain 

Gain/ 

Dief^ 

L-M 

L-HC 

(g) 

feed 

1 

_ 

_ 

-3.5 

-0.50 

2 

0.10 

— 

5.8 

0.16 

3 

0.20 

— 

38.9 

0.55 

4 

0.30 

— 

72.5 

0.69 

5 

— 

0.103 

3.2 

0.10 

6 

— 

0.206 

8.9 

0.28 

7 

_ 

0.309 

19.1 

0.42 

8 

- 

0.515 

24.7 

0.46 

9 

- 

0.721 

27.3 

0.54 

Pooled  SE 

2.3 

0.04 

"  Average  of  triplicate  groups  of  five  male  chicks 
for  the  period  8  to  14  days  posthatching;  average 
initial  weight  was  64  g. 

^  Diets  2  and  5,  3  and  6,  and  4  and  7  are  isosulfur- 
ous. 

'  All  diets  contained  0.35%  L-cystine. 

**  L- Homocysteine  (L-HC)  was  provided  as  L-hom- 
ocysteinethiolactone  hydrochloride;  L-M,  L-methio- 
nine. 


1  2 

INTAKE  CF  SAA    (N  HOLES) 

Fig.  2.  Standard  curve  of  gain  per  chick  as  a 
function  of  L-methionine  intake  and  the  broken-line 
response  curve  of  L-homocysteine  as  a  function  of 
intake.  B,  B,,  and  B^  indicate  slope  values  based  on 
regression  analysis  of  weight  gain  as  a  function  of 
dietary  intake. 

diet  of  isolated  soybean  protein  contained 
0.2%  methionine.  Their  80-90%  efficacy 
results  were  based  on  total  gain  of  rats 
fed  the  basal  diet  supplemented  with  dl- 
homocysteine  and  DL-methionine.  This  ap- 
proach actually  compares  the  TSAA  con- 
tent of  each  diet  and  not  the  the  gain  due 
to  DL-homocysteine  per  se.  When  weight 
gain  due  to  homocysteine  per  se  is  plotted 
against  actual  intake,  a  value  of  35%  uti- 


lization of  homocysteine  as  a  source  of 
TSAA  is  the  result.  This  is  in  agreement 
with  our  results  showing  that  homocys- 
teine is  a  poor  source  of  methionine. 

The  plateau  in  growth  at  higher  levels 
of  homocysteine  as  seen  in  Fig.  2  may  be 
due  to  a  depletion  of  methyl  donors  for  the 
transmethylation  reaction.  Klose  and 
Almquist  (7)  reported  poor  gains  in  chicks 
fed  DL-homocysteine  in  an  arachin-based 
diet  containing  0.20%  supplemental  cho- 
line chloride  relative  to  those  of  chicks  fed 
DL-methionine.  When  choline  chloride  was 
increased  to  0.50%,  weight  gains  were 
equal  for  both  sources  of  SAA.  The  signif- 
icance of  this  observation  is  hard  to  deter- 
mine, however,  because  growth  of  the 
chicks  was  very  poor.  Chicks  fed  their 
basal  diet  which  contained  close  to  0.5% 
SAA  lost  weight.  Thus,  some  nutrient 
other  than  SAA  must  have  been  growth 
Umiting. 

Our  basal  diet  contained  0.2%  choline 
chloride,  which  is  almost  three  times  the 
growth  requirement  for  chicks  of  this 
strain  under  our  experimental  conditions 
(12).  It  is  therefore  unlikely  that  choline 
was  limiting  in  these  assays.  Results  of 
assay  3  (Table  IV)  indicate  that  chicks  fed 
L-homocysteine  in  the  presence  of  0.5% 
choline  chloride  showed  no  improvement 
in  weight  gain  over  chicks  fed  0.2%  choline 
chloride.  Weight  gains  of  chicks  fed  L-ho- 
mocysteine at  either  level  of  choline  chlo- 
ride were  inferior  {P  <  0.01)  to  those  fed 
L-methionine. 

TABLE  IV.  Effect  of  Excess  Dietary  Choune 

ON  THE  EfHCACY  OF  L- HOMOCYSTEINE  AS  A  SOURCE 

OF  Methionine  for  the  Young  Chick  (Assay  3)* 


Diet* 

Level  of  SAA 
L-M       L-HC 

Cho- 

line-O 

(%) 

Gain 
(g) 

Gain/ 
feed 

1         0.314 

2 
3 

Pooled  SE 

0.323 
0.323 

0.20 
0.20 
0.50 

81.5 
32.5 
32.7 

2.8 

0.68 
0.47 
0.43 

0.03 

"  Average  of  triplicate  groups  of  five  male  chicks 
for  the  period  16  to  21  days  posthatching;  average 
initial  weight  was  99  g. 

*  All  diets  contained  0.35%  L-cystine. 

*■  L-M,  L-methionine;  L-HC,  L-homocysteine  pro- 
vided as  L-homocysteinethiplactone  hydrochloride;  all 
additions  are  isosulfurous. 
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BLE  V.  Performance  of  Chicks  Fed  dl- 
mocysteine  as  a  source  of  total  sulfur 
Amino  Acids  (Assay  4)'' 


Level  Of  SAA(%)* 

Gain 

DL- 

Gain/ 

L-M 

L-C 

HC 

(g) 

feed 

0.50 

_ 

__ 

114.2 

0.63 

— 

— 

0.45 

53.9 

0.49 

— 

— 

0.90 

61.2 

0.60 

0.25 

0.25 

- 

114.5 

0.61 

— 

0.25 

0.45 

60.4 

0.57 

- 

0.25 

0.91 

54.6 

0.57 

SE 

4.4 

0.02 

/erage  of  triplicate  groups  of  seven  male  chicks 
period  7  to  17  days  posthatching;  average 
/eight  was  66  g. 

VI,  L-methionine;  L-C,  L-cystine;  DL-HC,  dl- 
steine. 

lilts  of  assay  4  (Table  V)  indicate 
chicks  fed  DL-homocysteine  as  a 
of  SAA  perform  similarly  to  chicks 
-homocysteine  as  a  source  of  methi- 
per  se.  Since  it  was  established  in 
1  that  homocysteine  has  a  high 
le-sparing  value,  the  utilization  of 
lysteine  as  a  source  of  SAA  appears 
limited  by  its  methionine  activity. 
;sults  in  these  assays  clearly  indicate 
le  chick  fed  a  crystalline  amino  acid 
mnot  efficiently  convert  either  d-  or 
ocysteine  to  methionine  via  trans- 
lation. It  would  thus  appear  that 
(a)  some  factor  necessary  to  stimu- 
ransmethylation  activity  is  missing 
Totein-free,  L-amino  acid  diet  or  (b) 
species,  in  fact,  cannot  under  any 
istances  meet  their  entire  require- 
for  dietary  methionine  via  methyla- 
f  homocysteine. 

imary.  Young  male  chicks  were  fed 
lline  L-amino  acid  diets  in  assays 
led  to  evaluate  the  capacity  of  d- 
.-homocysteine  to  supply  methionine 
rysteine.  L-Homocysteine  had  a  cys- 
?aring  value  of  100%  and  a  methio- 
paring  value  of  28%  at  the  level  fed. 
nocysteine  was  utilized  less  effi- 
f  than  was  L-homocysteine,  having 
ine-sparing  value  of  68%  and  a  me- 


thionine-sparing  value  of  only  7%. 

The  methionine  activity  of  L-homocys- 
teine varied  when  evaluated  in  a  cystine- 
adequate  diet,  being  more  efficiently  uti- 
lized at  low  levels  of  intake.  However,  at 
every  level  fed,  L-homocysteine  was  infe- 
rior to  L-methionine  in  supporting  growth. 
The  presence  of  additional  choline  in  the 
diet  did  not  improve  the  performance  of 
chicks  fed  L-homocysteine  as  a  source  of 
methionine.  Performance  of  chicks  fed  DL- 
homocysteine  as  a  source  of  total  sulfur 
amino  acids  was  equal  to  that  of  chicks 
fed  DL-homocysteine  as  a  source  of  methi- 
onine per  se.  The  utilization  of  the  d  and  l 
isomers  of  homocysteine  appears  to  be 
limited  by  the  methionine  activity  they 
can  replace. 

The  results  of  these  assays  clearly  indi- 
cate that  young  chicks  fed  a  crystalline  l- 
amino  acid  diet  cannot  efficiently  convert 
either  d-  or  L-homocysteine  to  methionine 
via  transmethylation. 
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Differential  Effects  of  Stress  on  Release  of  Thyroid-Stimulating  Hormone  in  ^ 
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Age-related  decreases  in  the  responsive- 
ness of  the  hypothalamo-hypophyseal  sys- 
tem to  several  kinds  of  stimuli  have  been 
reported  in  the  rat.  Old  female  rats  release 
less  luteinizing  hormone  (LH)  and  follicle- 
stimulating  hormone  (FSH)  than  young 
female  rats  in  response  to  ovariectomy  (1, 
2)  and  to  progesterone  treatment  of  estro- 
gen-primed ovariectomized  rats  (3).  Simi- 
larly, castration  and  ether  stress  result  in 
release  of  less  LH  and  FSH  in  old  than  in 
young  male  rats  (2,  4).  In  response  to 
acute  cold  exposure,  old  male  rats  release 
less  thyroid-stimulating  hormone  (TSH) 
than  young  males  (Huang,  Chen  and 
Meites,  unpublished).  Since  all  the  previ- 
ously employed  stimuli  resulted  in  in- 
creased release  of  anterior  pituitary  hor- 
mones, it  was  of  interest  to  determine  if  a 
centrally  mediated  inhibition  of  TSH 
release  changes  with  age.  Acute  stress  has 
been  shown  to  result  in  a  rapid  decrease 
in  serum  TSH  in  rats  (5).  It  was  the 
purpose  of  this  study  to  compare  the  effect 
of  acute  stress  on  TSH  release  in  young 
and  old  male  rats. 

Materials  and  methods.  Male  Sprague- 
Dawley  rats  were  purchased  from  Charles 
River,  Madison,  Wis.  at  7  months  of  age 
and  maintained  in  our  animal  quarters 
until   18-20  months  old.  For  comparison, 

*  Published  with  the  approval  of  the  Michigan 
Agricultural  Experiment  Station  as  Journal  Article 
No.  8169. 

*  Aided  in  part  by  NIH  Research  Grants  AG00416 
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2-  to  3-month-old  male  Sprague- 
rats  were  maintained  in  our  lal 
for  1  month  before  experimentatio 
mals  were  housed  in  a  temperature( 
and  light(14  hr  daily)-controlled  ro 
were  given  Purina  Rat  Chow  am 
ad  libitum. 

In  Experiment  I,  serial  blood  san 
ml)  were  obtained  by  orbital  sinu 
ture  under  light  ether  anesthesia  i 
6,  12,  and  24  hr  after  an  initial  b 
In  Experiment  II,  animals  were 
by  ether  exposure  for  15  min.  Blo< 
pies  were  taken  1,  15,  30,  and  60  n 
the  initial  ether  exposure.  In  Exp 
III,  physical  restraint  was  accor 
by  taping  animals  to  test  tube  racl 
min.  Blood  samples  were  taken 
light  ether  anesthesia  before  and 
and  60  min  after  onset  of  restrain 
Serum  samples  from  all  experimer 
stored  at  -20°  until  assayed  for 
the  double  radioimmunoassay  met 
scribed  in  the  NIAMDD  kit.  Seni 
values  are  expressed  in  terms  of  NL 
TSH-RP-1.  Serum  thyroxine  (T4) 
sayed  by  the  Nichols  Institute  \ 
values  are  expressed  as  microgranr 
per  100  ml  of  serum  in  terms  of 
standard  provided.  The  significance 
ferences  between  bleedings  withii 
age  group  was  determined  by  ani 
variance  and  Student-Newman-Kc 
(6).  Differences  between  old  anc 
rats  at  any  time  were  determined 
dent's  /  test.  The  level  of  significai 
sen  was  P  <  0.05. 

Results.  In  Experiment  I  (Table 
rial  bleeding  in  young  males  resuli 
67%  decrease  in  serum  TSH  at  ( 
80%  decrease  at  12  hr,  and  a  48%  n 
below  zero  time  at  24  hr.  In  ol 
serial  bleeding  resulted  in  no  ch 
serum  TSH  at  6  hr,  a  33%  decrea 
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r,  and  a  31%  reduction  at  24  hr.  Serum 
\  was  initially  lower  in  old  than  in  young 
nales.  Serum  T4  in  young  males  followed 
i  pattern  similar  to  serum  TSH,  being 
lepressed  at  6,  12,  and  24  hr  as  compared 
^th  the  initial  value.  In  old  males,  serum 
[4  levels  were  correlated  with  TSH  levels 
except  at  2  hr  when  serum  TSH  was  high 
ind  serum  T4  was  low. 

Acute  ether  exposure  in  young  males 
Fig.  1)  resulted  in  a  significant  decrease 
n  serum  TSH  at  30  and  60  min  after 
nitial  ether  exposure.  No  change  in  serum 
rSH  occurred  in  old  males  during  the 
>ame  time  period.  In  response  to  5  min  of 
physical  restraint  (Fig.  2),  serum  TSH  in 
young  males  decreased  65%  by  5  min  after 
the  onset  of  restraint  and  remained  low 
through  60  min.  In  old  males,  physical 
restraint  had  no  significant  effect  on  se- 
rum TSH,  although  serum  levels  tended 
to  decrease  with  time. 

Discussion.  These  results  demonstrate 
that,  in  response  to  several  kinds  of  stress, 
serum  TSH  decreases  more  rapidly  and  to 
i  greater  extent  in  young  than  in  old  male 
"ats.  Since  acute  stress  is  known  to  inhibit 
rSH  secretion  in  rats  (5,  7,  8),  it  appears 
hat  the  central  mechanism  that  mediates 
rSH  inhibition  is  less  sensitive  in  old  than 
n  young  male  rats.  These  findings  are 
onsistent  with  the  observation  of  an  age- 
elated  decrease  in  ability  of  the  hypothal- 
imus  to  inhibit  prolactin  secretion  toni- 
ally  (9,  10).  The  inability  of  old  males  to 
ixhibit  a  normal  TSH  response  to  stress  is 
imilar  to  the  report  of  Riegle  and  Meites 
4)  that  stress-induced  LH  release  does 
lot  occur  in  old  male  rats.  In  contrast, 
here     appears    to    be    little    age-related 


change  in  secretion  of  adenocorticoptropin 

(ACTH)  in  response  to  chronic  stress  (11). 

The  degree  of  TSH  inhibition  in  young 
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Fig.  1.  Effect  of  15  min  of  ether  exposure  on 
serum  TSH  in  young  and  old  male  rats.  Star  indi- 
cates significant  difference  from  initial  sample. 
Numbers  within  parentheses  indicate  number  of 
animals  per  determination.  Solid  bar  indicates  time 
of  ether  exposure . 


Fig.  2.  Effect  of  5  min  of  restraint  stress  on 
serum  TSH  in  young  and  old  male  rats.  Star  indi- 
cates significant  difference  from  initial  sample. 
Numbers  within  parentheses  indicate  number  of 
animals  per  determination.  Solid  bar  indicates  time 
of  restraint. 


TABLE    I.  Effect  of  Serial  Bleeding  on  Serum  TSH  and  T4  in  Young  and  Old  Male  Rats 


Hours  after  initial  bleeding 

Age- 

0 

2 

6 

12 

24 

crum  TSH  (ng/ml) 
3-4  months 

994  ±  159 

775  ±  123 

329  ±  68* 

198  ±  55* 

513  ±  68* 

1 8  months 

651  ±  70 

790  ±  61 

621  ±  75 

433  ±  75* 

448  ±  49* 

crum  T4  (fig/100  ml) 
3-4  months 

5.2  ±  0.2 

4.9  ±  0.3 

2.9  ±0.3* 

3.1  ±0.2* 

2.6  ±0.2* 

18  months 

4.2  ±  0.3 

3.3  ±  0.3* 

4.7  ±  0.7 

2.4  ±  0.3* 

2.8  ±0.2* 

*  Twelve  or  thirteen  animals  per  determination . 

*  Difference  from  initial  sample  is  significant  (P  <  0.05). 
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males  was  less  in  response  to  ether  than 
to  restraint  stress.  Acute  ether  exposure 
resulted  in  a  39%  decrease  in  serum  TSH 
by  30  min,  which  is  similar  to  that  re- 
ported by  Fukuda  et  al.  (12)  and  Mannisto 
et  al.  (13).  In  contrast,  physical  restraint 
in  young  males  resulted  in  a  65%  decrease 
in  serum  TSH  by  5  min.  Mueller  et  al.  (8) 
reported  a  46%  decrease  in  serum  TSH 
after  5  min  of  restraint  stress  in  rats  killed 
by  decapitation.  The  animals  subjected  to 
restraint  stress  were  bled  under  light 
ether  anesthesia.  Thus  the  magnitude  of 
restraint-induced  TSH  inhibition  probably 
reflects  the  sum  of  both  ether  and  physical 
restraint  and  could  account  for  the  larger 
decrease  in  serum  TSH  observed  in  the 
present  study.  In  old  males,  physical  re- 
straint was  also  more  effective  than  ether 
in  decreasing  TSH,  although  both  stresses 
were  less  effective  in  old  than  in  young 
rats. 

Basal  levels  of  serum  TSH  in  old  males 
tended  to  be  lower  than  TSH  levels  in 
young  males  in  this  and  in  a  previous 
report  (10).  The  large  variance  in  basal 
levels  of  serum  TSH  in  both  old  and  young 
males  prevented  these  differences  from 
being  significant.  Since  serum  T4  also  was 
lower  in  old  than  in  young  males,  the  age- 
related  trend  toward  a  decrease  in  basal 
levels  of  serum  TSH  appears  to  resuh 
from  changes  at  the  hypothalamo-hypoph- 
yseal  level  rather  than  to  inhibitory  feed- 
back from  T4. 

Since  stresses  have  been  reported  to 
increase  the  turnover  of  catecholamines 
(14-16)  and  indoleamines  (8,  17-19)  in  the 
hypothalamus  of  rats,  the  possibility  ex- 
ists that  alterations  in  the  ability  of  the 
autonomic  nervous  system  to  mediate  a 
stress  response  occur  with  aging.  Re- 
cently, we  reported  evidence  for  a  decrease 
in  DA  turnover  in  the  medial  basal  hypo- 
thalamus of  old  male  rats  (9),  and  there  is 
considerable  evidence  that  DA  can  inhibit 
TSH  release.  Thus  the  DA  agonists,  apo- 
morphine  and  piribedil,  have  been  re- 
ported to  decrease  basal  serum  TSH  levels 
in  male  rats  (20),  and  apomorphine 
blocked  cold-induced  TSH  release  (21). 
Therefore  the  decreased  DA  turnover  in 
old  male  rats  may  be  partially  responsible 


for  the   lack  of  inhibition  of  TSH 
sponse  to  stress. 

Restraint  and  electrical  shock  also 
reported  to  increase  serotonergic  a 
in  several  brain  regions,  includin 
hypothalamus,  of  young  rats  (8,  17 
In  old  male  rats,  hypothalamic  ser 
turnover  appears  to  be  elevated  (10). 
serotonin  influences  on  TSH  releas 
in  dispute  (8,  22-25),  it  is  difficult  to 
its  possible  effects  on  TSH  secretion 
stress.  However,  restraint  stress  has 
observed  to  increase  hypothalamic 
tonin  turnover  and  at  the  same  tii 
depress  serum  TSH  levels  in  mal( 
(8).  However,  the  relation  of  seroto 
the  results  observed  here  on  TSH  i 
in  old  male  rats  cannot  be  explair 
present. 

Glucocorticoids  have  been  shown 
hibit  the  secretion  of  TSH  (7)  anc 
have  a  role  in  the  stress-induced  inh 
of  TSH  secretion  in  old  male  rats. 
(11)  reported  a  slight  decrease  in  th< 
ity  of  adrenals  to  secrete  corticosten 
response  to  ACTH  in  old  male  rats 
apparent  decrease  in  sensitivity  c 
adrenals  of  old  male  rats  could  acco 
part  for  the  absence  of  the  stress-in 
TSH  decrease.  Further  work  is  nee 
to  determine  which  of  these  mech; 
is  responsible  for  the  decline  in  capa 
the  hypothalamo-hypophyseal  syste 
old  male  rats  to  regulate  TSH  secret 
response  to  stress. 

Summary.   In  response  to   the  str 
serial  bleeding,  ether  exposure,  or 
cal   restraint,   serum   TSH    was    dep 
more  quickly  and  to  a  greater  ext 
young  than  in  old  male  rats.  These 
suggest     that    the     hypothalamo-hy| 
seal  mechanisms  which  mediate  inh 
of  TSH   release  are   less  sensitive 
than  in  young  male  rats. 
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TABLE  II.  Local  and  Systemic  Reactions  in  Seven  Adults  Who  Were  Vaccinated  wnn 
Polyvalent  Pneumococcal  Vaccine  Infoally  and  Again  13  Months  Later 


Initial  vaccination 

Revaccination 

No.  with  reaction  on  day 

No.  with  reaction  on  day 

Reaction 

0 

12           3           4 

5 

0 

12           3           4 

5 

Local 
Soreness 
Erythema 
Induration 

6 

6 

1 

3 

1 

2 

6 
2 
6 

6 

7 
6 

5 
4 
5 

3 

3 
3 

2 

1 
1 

1 

1 

Systemic 
Chills 

1 

2 

Temperature 

Fever  (max., 

<99^F 
99_99.9op 

Not  taken 

0) 

6 
1 

6 

1 

7 

6 
1 

7 

7 

4 
3 

5 

2 

6 

1 

5 

1 

1 

6 
1 

5 

and  revaccinated  at  the  same  time  periods 
used  above  with  either  of  two  additional 
lots  of  vaccine. 

Infants.  Table  III  shows  that  infants  6- 
24  months  of  age,  who  were  given  a  single 
0.25-ml  dose  of  Lot  561/C-D194  12-valent 
pneumococcal  vaccine,  produced  less  anti- 
body than  did  adults  and  showed  varied 
serologic  responses  to  the  different  types 
as  well.  Importantly,  however,  at  least 
50%  of  the  infants  did  show  a  significant 
antibody  increase  to  10  of  the  12  capsular 
types.  The  highest  postvaccination  anti- 
body titers  were  against  types  3,  4,  8,  9, 
and  56,  and  the  lowest  responses  were 
against  types  6,  12,  14,  and  23.  There  were 
no  substantial  differences  in  responses  in 
the  6-  to  12-month  age  group  compared 
with  the  13-  to  24-month  age  group.  Limi- 
tations in  the  volumes  of  available  sera 
precluded  tests  of  sera  from  all  the  individ- 
uals against  all  the  pneumococcal  capsular 
types  in  the  vaccine. 

Infants  3-5  months  of  age  (Study  378) 
who  received  Lot  561/C-D194  vaccine  were 
revaccinated  6  months  later.  The  results 
are  shown  in  Table  IV.  The  antibody  in- 
creases on  primary  immunization  were 
considerably  less  for  most  of  the  capsular 
types  than  seen  in  the  older  infants  (Table 
III)  and  they  declined  rapidly  for  those 
types  in  which  the  best  antibody  responses 
had  occurred.  In  addition,  the  geometric 
mean  antibody  titers  following  vaccination 
were  generally  low.  In  contrast  to  adults 


(see  above),  there  was  a  substantially 
greater-fold  increase  in  mean  titer  on  re- 
vaccination,  and  this  response  was  great- 
est for  those  serotypes  in  which  there  had 
been  the  highest  initial  response. 

Infants  in  a  second  group  (Study  378D), 
who  had  been  vaccinated  at  3  months  of 
age,   were   revaccinated   21    months  later. 
Blood  samples  had  not  been  taken  to  mea- 
sure antibody  responses  to  the  initial  vac- 
cination, but  the  titers  of  21  months  were 
roughly    in    the    same    range    as    for  the 
children  in   Study  378  following  the  first 
vaccine  dose.  In  contrast  with  the  children 
in  Study  378,  who  were  given  their  booster 
dose  at  9-11  months  of  age,  these  children 
showed    responses    with    very    high    titer 
against  all  capsular  types. 

The  infants  showed  very  mild  local  re- 
actions limited  mostly  to  erythema  and 
possible  soreness  in  a  portion  of  the  group. 
In  contrast  to  adults,  there  were  no 
marked  local  reactions  on  revaccination 
in  infants,  and  this  finding  was  probably 
due  to  the  smaller  amount  of  pneumococ- 
cal capsular  antibody  in  these  persons  (see 
below)  at  the  time  of  revaccination. 

Relationship  between  pneumococcal  an- 
tibody titer  and  reactions.  The  cause  for 
local  brachial  and  systemic  reactions  in 
persons  given  pneumococcal  capsular  vac- 
cine is  not  known  with  certainty  but  ap- 
pears to  be  due  to  local  reaction  between 
the  injected  antigen  and  circulating  anti- 
body at  the  site  in  which  the  vaccine  was 
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TABLE  III.  Antibody  Response,  According  to  Age,  on  Primary  Immunization  of  Infants  and 
Children  with  Polyvalent  Pneumococcal  Polysaccharide  Vaccine  (Study  378) 


Blood 
sample 

time 
(months) 

Age  of 

recipient 

6- 

12  months" 

13- 

24  months" 

Capsular 
type 

Twofold  or 
greater  increase 
(number/total) 

Geometric 
mean 

Mean  in- 
crease 
(-fold) 

Twofold  or 
greater  increase 
(number/total) 

Geometric 
mean 

Mean  in- 
crease 
(-fold) 

1 

0 

120 

136 

3 

1 
0 

25/31  (81)* 

372 
95 

3.1 

13/16(81) 

479 
132 

3.5 

4 

1 
0 

29/31  (94) 

2200 
535 

23.2 

14/14(100) 

3448 
773 

26.1 

6 

1 
0 

18/26(69) 

2084 
25 

3.9 

10/15(67) 

1998 
43 

2.6 

8 

1 
0 

12/24(50) 

48 
64 

1.9 

5/16(31) 

57 
157 

1.3 

9 

1 

0 

30/32  (94) 

1112 
172 

17.4 

14/16(88) 

1335 
275 

8.5 

12 

1 

0 

26/30  (87) 

892 
33 

5.2 

12/17(71) 

1060 

37 

3.9 

14 

1 

0 

11/24(46) 

57 
95 

1.7 

12/16(75) 

80 
124 

2.2 

19 

1 

0 

4/10  (40) 

112 
40 

1.2 

4/10(40) 

173 
60 

1.4 

23 

1 

0 

17/20(85) 

169 
44 

4.2 

9/10(90) 

255 
67 

4.3 

51 

1 

0 

13/16(81) 

102 
52 

2.3 

5/10  (50) 

100 
88 

1.5 

56 

1 

0 

25/29  (86) 

279 
88 

5.4 

9/11(82) 

416 
195 

4.7 

1 

24/29  (83) 

838 

9.5 

11/15(73) 

1326 

6.8 

•  12-valent,  Lot  561/C-D194.  vaccine  was  used. 

*  Number  within  parentheses  indicates  percentage  of  total. 


given.  Support  of  this  concept  was  shown 
in  the  findings  presented  in  Table  V  which 
records  the  clinical  reactions  in  20  persons 
who  were  given  vacccine,  but  who  had 
different  amounts  of  circulating  antibody 
against  the  homologous  capsular  types  at 
the  time  of  vaccination.  While  there  was 
no  precise  correlation  between  amount  of 
pneumococcal  antibody  and  the  appear- 
ance of  induration,  persons  with  a  large 
amount  of  antibody  showed  a  greater 
chance  of  having  more  severe  of  a  reaction 
than  did  those  with  a  smaller  amount  of 
antibody. 

Discussion.  The  present  study  of  12-val- 
ent pneumococcal  vaccine  in  adults  has 
confirmed  previously  published  data  (1-7) 
showing  the  ability  of  the  vaccine  to 
induce  specific  antibodies  against  the  ho- 
mologous types.  The  duration  of  protective 
effect  of  the  vaccine  is  presently  unknown, 
but  it  has  been  shown  in  previous  studies 
(2,   10)  with  different  pneumococcal  vac- 


cines that  antibody  induced  by  the  vaccine 
was  present  at  one-fifth  to  one-half  or 
more  of  its  peak  values  2  or  3  years  after  a 
single  injection.  In  some  individuals, 
abundant  residual  antibody  persisted  8 
years  after  vaccination.  The  present  study 
in  aduh  volunteers  showed  only  minor 
decline  in  antibody  13  months  after  the 
initial  vaccine  dose,  and  there  was  no 
substantial  booster  response  when  a  sec- 
ond dose  of  vaccine  was  given  at  that 
time.  There  was,  however,  substantial  in- 
crease in  the  degree  of  local  reaction  at 
the  injection  site  after  the  second  dose  of 
vaccine  which  resulted  in  development  of 
erythema  and  palpable  induration.  The 
optimal  time  for  revaccination  to  achieve 
meaningful  elevations  in  titer  with  least 
chnical  response  remains  to  be  deter- 
mined. 

The  correlation  between  the  total 
amount  of  circulating  homologous  anti- 
pneumococcal   capsular   antibodies   against 
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TABLE  IV.  Initial  and  REVAcaNATiON  Antibody  Responses  in  Infants  Given  Polyvalent  (12- 
Tyfe)  Pneumococcal  Vacone  (Studies  378  and  378D)* 


Study  378  (infants, 

,  3-5  months) 

Study  378D  (infants,  3  months) 

Twofold  or 

Blood 

Twofold  or 

Blood 

greater  in- 

sample 

greater  in- 

Geomet- 

Mean in- 

sample 

crease 

Geomet- 

Mean in- 

Capsular 

time 

crease 

ric  mean 

crease 

time 

(number/ 

ric  mean 

crease 

type 

(months) 

(number/total) 

titer 

(-fold) 

(months) 

toul) 

titer 

(-fold) 

1 

0» 

32 

_» 

1 

4/8  (soy 

63 

2.0 

- 

6» 

1/8(13) 

42 

1.3 

21» 

110 

9.2 

7 

6/8  (75) 

118 

3.7 

22 

30/31 

1014 

3 

0» 

45 

_» 

1 

5/5  (100) 

525 

11.7 

- 

6» 

4/5  (80) 

132 

2.9 

21» 

136 

7 

5/5  (100) 

386 

8.6 

22 

30/31 

3330 

24.4 

6 

0» 

20 

_b 

1 

0.9  (0) 

16 

-1.3 

- 

40 

6» 

1/9  (10) 

21 

1.0 

21» 

198 

7 

0/9  (0) 

19 

-1.1 

22 

24/24 

5.0 

8 

0» 

76 

_» 

1 

4/4(100) 

881 

11.6 

- 

6» 

4/5  (80) 

357 

4.7 

21» 

236 

7 

5/5  (100) 

867 

11.4 

22 

30/31 

2980 

12.6 

9 

0» 

24 

_» 

1 

7/7(100) 

107 

4.5 

- 

6» 

5/5  (100) 

92 

3.9 

21» 

136 

7 

6/6(100) 

176 

7.4 

22 

29/29 

1575 

11.5 

12 

0» 

14 

_» 

1 

1/7(14) 

14 

1.0 

- 

6» 

3/7  (43) 

22 

1.6 

21» 

48 

7 

3/7  (43) 

24 

1.7 

22 

28/30 

317 

6.6 

14 

0» 

74 

_» 

1 

1/8(12) 

78 

1.1 

- 

6» 

1/8(12) 

64 

-1.2 

21» 

48 

7 

3/8  (38) 

96 

1.3 

22 

17/22 

293 

6.2 

19 

0 

55 

_» 

1 

0/5  (0) 

71 

1.3 

- 

6» 

0/5  (0) 

68 

1.2 

21» 

155 

7 

4/6  (67) 

277 

5.1 

22 

24/26 

837 

5.4 

51 

0» 

27 

_» 

1 

4/6  (67) 

66 

2.4 

- 

6» 

4/6  (67) 

75 

2.7 

21 

80 

7 

5/6  (83) 

95 

3.5 

22 

19/20 

637 

8.0 

56 

0» 

81 

_» 

1 

3/4  (75) 

269 

3.3 

- 

6» 

1/2  (50) 

132 

1.6 

21» 

310 

7 

4/4(100) 

578 

7.1 

22 

28/28 

4083 

13.2 

'  Types  4  and  23  responses  omitted  because  of  too  small  number  of  serologic  tests  run  due  to  small  volume  ( 
serum. 

*  Time  when  vaccine  was  given. 

^  Number  within  parentheses  indicates  percentage  of  total. 


all  the  types  in  the  vaccine  and  the  reac- 
tion to  the  vaccine  is  strongly  suggestive 
of  antigen-antibody  formation  at  the  local 
site  with  attendant  Arthus-like  (11)  path- 
ologic responses.  Such  reactions,  while 
self-limited  and  generally  mild,  do  impose 
restrictions  on  revaccination  at  a  time 
when  no  substantial   increase  in  antibody 


can  be  achieved.  The  possibility  for  rediu 
ing  the  amount  of  antigen  per  dose  c 
vaccine  to  minimize  local  reactions  on  n 
vaccination  needs  to  be  studied. 

As  with  meningococcal  polysaccharid 
vaccines  (12),  infants  responded  less  we 
to  pneumococcal  vaccine  than  did  adult! 
This   was   especially    true   of   3-montb-ol 
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.E  V.  Relationship  between  Amount  of 
ULATiNG  Pneumococcal  Antibodies  and 
REE  of  Local  Reaction  to  Polyvalent 
eumococcal  capsular  polysaccharide 
Vaccines 


Local  reaction 

Total  anti- 

body N  for  12 

types,  at  time 

of  vaccina- 

ject          Degree  of  reaction" 

tion  (^g/ml) 

f               Slight  to  none 

1,786 

\               Slight  to  none 

2,034 

\               Slight  to  none 

2,184 

1               Slight  to  none 

2,639 

\              Slight  to  none 

6,776 

1               Slight  to  none 

8,194 

1               Slight  to  none 

15,504 

1               Slight  to  none 

19,725 

1               Slight  to  none 

21,514 

1              Slight  to  none 

34,143 

oup 

114,499 

1               Mod.  w/induration 

14,389 

[               Mod.  w/induration 

16,358 

[               Mod.  w/induration 

23,446 

^               Mod.  w/induration 

28,149 

I               Mod.  w/induration 

30,774 

I               Mod.  w/induration 

40,026 

I               Mod.  w/induration 

40,054 

i               Mod.  w/induration 

44,100 

[               Mod.  w/induration 

62,751 

'               Mod.  w/induration 

131,081 

oup 

431,128 

.  There  were  considerable  differ- 
among  the  capsular  types.  Antibody 
d   by   the   vaccine   in   early   infancy 

to  decline  quite  rapidly.  There  was 
Iced  advantage  to  booster  immuniza- 
•f  infants  at  9-11  months  of  age, 
illy    for    those    capsular    types    in 

a  primary  response  had  been 
ed.  Maximal  antibody  production 
stained,  however,  when  the  children 
revaccinated  at  2  years  of  age  and 
d  antibody  responses  against  all 
that  approached  the  titers  achieved 
ilts.  These  findings  provide  a  basis 
pe  that  the  vaccine  will  prove  useful 
mts  and  young  children  in  prevent- 
^ere  pneumococcal  disease  and  bac- 
a  in   cases  of  asplenia  or  impaired 

function,  as  well  as  in  preventing 
onia,  otitis  media,  and  meningitis 
nal  children. 

mary.  Adult  persons  developed  sub- 
I    antibody   increases   against   essen- 


tially all  pneumococcal  capsular  types  fol- 
lowing injection  of  polyvalent  pneumococ- 
cal vaccine  containing  SO  fig  of  each  cap- 
sular polysaccharide  per  dose.  Revaccina- 
tion  13  months  after  the  previous  immu- 
nization did  not  evoke  important  further 
increases  in  antibodies  and  there  was  sub- 
stantially greater  local  reaction  at  the 
injection  site  than  when  the  previous  dose 
was  given.  This  finding  appeared  due  to 
local  reaction  of  antigens  with  circulating 
antibodies  in  the  area  of  injection,  since 
there  was  a  correlation  between  the  mea- 
sured amount  of  circulating  pneumococcal 
antibodies  and  the  degree  of  reaction.  In- 
fants less  than  2  years  of  age  who  were 
given  a  half-dose  of  vaccine  generally  re- 
sponded poorly  when  compared  with 
adults.  In  studies  of  3-  to  5-month-old 
infants,  there  was  some  increase  in  anti- 
bodies when  a  booster  dose  of  vaccine  was 
given  6  months  after  the  first.  Very  high 
level  antibody  responses  against  all  cap- 
sular types  were  obtained  when  revaccin- 
ation  was  delayed  until  2  years  of  age. 
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nicillamine  (o-pen),  /3,/3-dimethyl 
e,  is  a  drug  which  has  been  shown  to 
arious  biological  functions.  Among 
ire  copper  chelation  (1),  interaction 
/stine  to  form  a  mixed  disulfide  (2), 
ion  of  collagen  fibril  formation  (3), 
ochemical  antagonism  of  vitamin  B-6 

vitro,  it  inhibits  poliovirus  replication 
nd  has  been  reported  to  suppress 
>rmation  of  antigen-  and  mitogen- 
ated  lymphocytes  (6). 
jn  has  been  shown  to  be  an  effective 
eutic  agent  in  the  treatment  of  rheu- 
1  arthritis.  The  clinical  response  to 
Lig  is  accompanied  by  a  fall  in  titer  of 
atoid  factor  and  a  decrease  in  im- 
complexes  in  serum  and  synovial  fluid 

is  possible  that  the  clinical  response 
en  is  the  consequence  of  an  effect  of 
ent  on  the  immune  system.  This  study 
fidertaken  to  investigate  the  interac- 
f  D-pen  with  human  lymphocytes  in 

trials  and  methods.  Cell  cultures, 
locytes  were  isolated  from  normal 
nized  blood  (20  units/ml)  on  a  Ficoll- 
|ue  gradient.  The  cells  were  washed 
with  Hank's  balanced  salt  solution 
i)  and  cultured  at  a  density  of  1  x 
lls/ml  in  RPMI  1640  supplemented 
\  mAf  glutamine  and  20%  fetal  calf 
.  The  purity  of  the  isolated  mononu- 
cells  was  determined  by  differential 
of  the  stained  cells,  and  was  more 
>0%.  Cell  viability  was  tested  by  the 
ion  of  trypan  blue,  and  97%  of  the 
ere  viable. 

ontinuous  culture  of  normal  human 
ocytes  (Associated  Biomedic  Sys- 
wras  maintained  in  RPMI  1640  supple- 
d  with  glutamine  and  5-1%  fetal  calf 

>gen  stimulation.  Cell  cultures  were 
ited  with  phytohemagglutinin  (PHA) 
•ughs- Wellcome  Co.),  5  /ig/ml,  con- 

1 


canavalin  A  (Con  A)  (Difco  Laboratories), 
20  /ig/ml,  and  poke  weed  mitogen  (Difco 
Laboratories),  30  /ig/ml.  All  cultures  were 
run  in  triplicate  and  were  incubated  for  a 
total  of  72  hr,  unless  otherwise  indicated, 
at  37**  in  5%  CO2.  D-Pen  was  dissolved  in 
HESS  and  added  to  cell  cultures  at  varying 
concentrations  at  indicated  times.  Unstimu- 
lated lymphocytes,  treated  as  above,  were 
used  as  controls. 

Mixed  lymphocyte  cultures.  Mononuclear 
cells  were  isolated  and  cultured  at  a  density 
of  1.5  X  10®  cells/ml,  as  above.  The  stimu- 
lator cells  were  incubated  with  mitomycin 
C,  25  /ig/mJ»  for  25  min  at  37^  The  treated 
cultures  were  centrifuged,  washed  twice 
with  HESS,  and  resuspended  in  complete 
medium.  Aliquots  (1  ml)  of  stimulator  and 
responder  cells  were  mixed  and  incubated 
with  various  concentrations  of  D-pen  for 
144hrat37°and5%C02. 

DNA,  RNA,  and  protein  synthesis,  DNA 
synthesis  was  measured  by  the  addition  of 
0.5-1.5  /iCi/ml  of  PHJthymidine  (22  Ci/ 
mmole,  Schwartz/Mann)  to  cell  cultures  18 
hr  before  harvesting,  unless  otherwise  indi- 
cated. The  cultures  were  centrifuged, 
washed  with  cold  HESS,  and  placed  in  an 
ice  bath.  Cells  were  lysed  with  1  ml  of  cold 
H2O  and  lysates  were  precipitated  by  the 
addition  of  2  ml  of  10%  trichloroacetic  acid 
(TCA).  The  precipitates  were  collected  on 
Whatman  GF/C  glass-fiber  filters  and 
washed  with  5%  TCA.  The  incorporated 
radioactivity  was  measured  in  a  Eeckman 
scintillation  spectrometer. 

RNA  and  protein  synthesis  was  measured 
by  incubation  of  0.1-0.5  /iCi/ml  of 
["C]uridine  (488  mCi/mmole,  Schwartz/ 
Mann)  or  [*^C]leucine  (340  mCi/mmole, 
Schwartz/Mann)  with  the  cell  cultures  for  3 
hr  at  37*"  in  5%  CO2,  and  incorporated 
radioactivity  was  measured  as  above.  The 
rate  of  RNA  and  protein  synthesis  was 
measured  as  describe  previously  (5). 
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E  rosette  formation.  The  ability  of  d- pen- 
treated  and  untreated  lymphocytes  to  form 
rosettes  with  sheep  red  blood  cells  (SRBC) 
was  determined  by  the  method  of  Bentwich 
et  aL  (8).  Mononuclear  cells  at  a  density  of 
5  X  10«  cells/ml  were  incubated  in  HESS 
with  varying  concentrations  of  D-pen  for  2 
hr  at  37**.  The  drug  was  removed  by  centrif- 
ugation  and  washing.  The  washed  cells  were 
resuspended  in  HBSS  at  the  above  density. 
One-tenth  milliliter  of  a  0.5%  suspension 
of  sheep  erythrocytes  in  HBSS  was  added 
to  0.1  ml  of  lymphocyte  suspension,  fol- 
lowed by  the  addition  of  0.02  ml  of  heat- 
inactivated  AB  serum  which  had  been  ab- 
sorbed with  SRBC.  The  cell  suspensions 
were  incubated  at  'iT  for  5  min,  centrifuged 
at  200g  for  5  min,  and  counted  in  a  hema- 
cytometer. Lymphocytes  with  three  or  more 
erythrocytes  attached  were  considered  ro- 
settes. 

Results.  Effect  of  o-pen  on  DNA,  RNA, 
and  protein  synthesis.  D-Pen  at  concentra- 
tions ranging  from  10  to  500  /ig/ml  was 
incubated  for  3  and  6  hr  with  resting  human 
lymphocytes  and  with  human  lymphocytes 
maintained  in  continuous  culture.  The  drug 
had  no  effect  on  DNA,  RNA,  or  protein 
synthesis. 

Effect  of  D-pen  on  mitogen-stimulated  lym- 
phocytes. Addition  of  D-pen  to  lymphocyte 
cultures  simultaneously  with  PHA,  Con  A, 
or  pokeweed  mitogen  resulted  in  inhibition 
of  transformation.  This  inhibition  was  par- 
tial, dose  dependent,  and  maximal  at  100 
/Ltg/ml  (Table  I).  At  this  concentration, 
DNA  synthesis  was  inhibited  by  50%  in 
PHA-  and  Con  A-stimulated  cultures,  and 
by  40%  when  pokeweed  was  used  as  the 
mitogen.  It  had  no  effect  on  the  number  of 
surviving  cells  in  the  unstimulated  control 
cultures. 

TABLE  I.  Effect  of  d-Pen  on  DNA  Synthesis 
OF  Mitogen- Stimulated  Lymphocytes. 


Counts  per 

minute  of  PHlth 
cells  at  72  hr 

iymidine/10* 

D-Pen 

(Mg/ml) 

PHA 

Con  A 

Pokeweed 

0 

14,000 

18,000 

10,000 

25 

13,000 

15,500 

9,200 

50 

9,500 

13,000 

6,200 

100 

6,800 

8,700 

6,000 

200 

7,000 

8,500 

5,800 

400 

7,400 

9,000 

6,200 

Incubation  of  the  cells  with  o-pen  for  3 
hr,  followed  by  removal  of  the  drug  by 
centrifugation  and  washing  prior  to  mitogen 
stimulation,  resulted  in  a  20%  inhibition  of 
DNA  synthesis. 

Effect  of  D-pen  on  mixed  lymphocyte  cul- 
tures. Addition  of  D-pen  to  one-way  mixed 
lymphocyte  cultures  resulted  in  inhibition 
of  DNA  synthesis  (Fig.  1),  which  was  maxi- 
mal (60%)  at  a  concentration  of  100  /Ag/ 
ml.  Incubation  of  the  stimulator  cells  with 
D-pen  for  3  hr,  followed  by  removal  of  the 
drug  before  addition  of  the  responder  cells, 
had  little  effect  on  DNA  synthesis.  Similar 
incubation  of  the  responder  cells  resulted  in 
a  40%  inhibition  of  DNA  synthesis  (Fig. 
2).  The  inhibitory  effect  was  not  augmented 
when  both  stimulator  and  responder  cells 
were  pretreated  with  the  drug. 

Effect  of  D-pen  on  E  rosette-forming  cells. 
Incubation  of  lymphocytes  with  D-pen  for  2 
hr  and  removal  of  the  drug  by  centrifugation 
and  washing  before  the  addition  of  sheep 
red  blood  cells  had  no  effect  on  the  number 
of  E  rosettes. 

Kinetics  of  D-pen  inhibition  of  transfor- 
mation. Since  the  proliferative  response  of 
lymphocytes  to  mitogen  stimulation  has 
been  most  extensively  studied  with  PHA, 
the  following  experiments  were  performed 
with  this  mitogen. 


(hi)  I 


Conc«ntr«tloii  of  I 


Fig.  1 .  Effect  of  D-pen  on  DNA  synthesis  in  mixed 
lymphocyte  cultures.  Lymphocytes  were  isolated  and 
cultured  as  described  in  the  text.  D-Pen  was  added  at 
the  concentrations  shown  to  2-ml  aliquots  of  a  mixture 
of  stimulator  and  responder  cells.  Cultures  were  incu- 
bated for  144  hr  at  37**  in  5%  CO,.  PHIThymidine 
was  added  18  hr  before  harvesting  and  DNA  synthesis 
was  determined. 
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effects  of  100  and  300  fig/ml  of  d- 
[i  protein,  RNA,  and  DNA  synthesis 
[A-stimulated  cells  were  determined 
the  drug  and  mitogen  were  added  to 
ocyte  cultures  simultaneously.  Pro- 
RNA,  and  DNA  synthesis  was  mea- 
in  triplicate  cultures  at  3,  20,  48,  and 

poststimulation.  D-Pen  had  no  effect 
NA,  RNA,  and  protein  synthesis  of 
:imulated  cells  in  the  first  20  hr  of 
ation  (Table  II).  At  48  and  72  hr, 
tion  of  DNA  synthesis  was  about  50% 
here  was  a  reduction  in  RNA  and 
In  synthesis  in  parallel  with  the  DNA 
tion  (Table  II). 


Concwicratlon  of   D-pen    (uh/bI) 

2.  Effect  of  incubation  and  removal  of  D-pen 
tender  cells  in  mixed  lymphocyte  cultures.  Lym- 
es were  isolated  and  cultured  as  described  in 
t.  The  responder  cells  were  treated  with  concen- 
»  of  D-pen  as  shown,  and  incubated  for  3  hr  at 
5%  CO2.  D-Pen  was  removed  by  centrifugation 
ishing.  Cultures  (1  ml)  of  stimulator  cells  were 
to  cultures  (1  ml)  of  the  D-pen-treated  and 
I  responder  cells.  Cultures  were  incubated  for 
at  37*  in  5%  COj.  ['H]Thymidine  was  added 
efore  harvesting  and  DNA  synthesis  was  deter- 


The  effects  of  100  and  300  /xg/ml  of  d- 
pen  on  PHA-stimulated  cells  were  deter- 
mined at  various  time  intervals.  The  drug 
was  added  simultaneously  with  PHA,  and 
at  20  and  48  hr  poststimulation.  The  addi- 
tion of  D-pen  at  zero  time  and  20  hr  post- 
stimulation  resulted  in  a  50%  inhibition  of 
DNA  synthesis;  however,  when  the  agent 
was  added  at  48  hr,  it  had  no  inhibitory 
effect  (Table  III). 

Discussion.  The  above  experiments  show 
that  D-pen  inhibited  lymphocyte  responsive- 
ness to  nonspecific  mitogen  stimulation.  In 
addition,  the  mixed  lymphocyte  reaction 
was  also  suppressed  by  the  drug.  The  inhi- 
bition in  both  systems  was  partial  and  dose 
dependent  (Table  I,  Fig.  1).  These  findings 
are  in  agreement  with  those  reported  by 
Schumacher  et  al.  on  the  effect  of  D-pen  on 
mitogen-  and  antigen-stimulated  lympho- 
cytes (6). 

D-Pen  had  no  effect  on  DNA,  RNA,  or 
protein  synthesis  in  resting  lymphocytes  or 
lymphocytes  maintained  in  continuous  cul- 
ture. We  conclude,  therefore,  that  the  in- 
hibitory effect  of  this  agent  is  not  due  to 

TABLE  III.  Effect  of  d-Pen  Added  at  Varying 

Time  Periods  on  DNA  Synthesis  in  PHA- 

Stimulated  Lymphocytes. 

Counts  per  minute 
Time  of  addition  of  ['H]thymidine/10* 

of  D-pen  (hr)      D-Pen  (/xg/ml)         cells  at  72  hr 


0 

0 

24,000 

100 

11,000 

300 

12,000 

20 

0 

25,000 

100 

12,000 

300 

1 1 ,500 

48 

0 

23,500 

100 

25,000 

300 

24,000 

ABLE  n.  Effect  of  d-Pen  Added  Simultaneously  with  PHA  on  Macromolecular  Synthesis 
Measured  at  Various  Time  Periods. 

Counts  per  minute/ 10®  cells 


molecule 

D-Pen  (/xg/ml) 

3hr 

20  hr 

48  hr 

72  hr 

otein 

0 

3,000 

10,000 

16,000 

17,000 

100 

3,400 

9,500 

10,000 

11,000 

300 

2,800 

9,800 

1 1 ,000 

1 1 ,000 

4A 

0 

4,500 

16,000 

28,000 

26,000 

100 

4,200 

17,000 

15,000 

14,000 

300 

4,500 

15,000 

16,000 

15,000 

4A 

0 

1,100 

1,000 

6,500 

15,500 

100 

1.000 

1,200 

3,200 

8,000 

300 

950 

1,100 

3,600 

7,500 
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nonspecific  inhibition  of  synthesis  of  those 
macromolecules. 

The  same  degree  of  inhibition  was  pro- 
duced when  D-pen  was  added  simultane- 
ously with  PHA  or  at  20  hr  poststimulation, 
when  the  cells  were  fully  committed  to  the 
proliferative  state  (Table  III).  [PHA  stimu- 
lation of  lymphocytes  at  37"*  is  not  reversible 
after  6  hr  (9).]  The  inhibitory  effect,  there- 
fore, does  not  appear  to  be  due  to  competi- 
tion with  or  alteration  of  mitogen  receptor 
sites  on  the  cell  surface. 

The  absence  of  effect  of  D-pen  on  lympho- 
cyte surface  antigens  is  indicated  by  the 
failure  of  the  agent  to  inhibit  rosette  forma- 
tion with  sheep  erythrocytes.  In  the  mixed 
lymphocytes  cultures,  preincubation  of  the 
responder  cells  with  o-pen  resulted  in  inhi- 
bition of  DNA  synthesis  (Fig.  2),  while  the 
preincubation  of  the  stimulator  cells  had  no 
effect.  This  also  indicates  that  a  nonspecific 
effect  on  lymphocyte  surface  antigens  was 
not  produced  by  the  drug  since  that  would 
have  produced  a  similar  degree  of  inhibition 
in  both  responder  and  stimulator  cells. 

In  PHA-stimulated  lymphocytes  an  in- 
crease in  the  rate  of  RNA  and  protein 
synthesis  is  evident  shortly  after  stimulation 
(10,  11),  and  it  becomes  maximal  in  24-48 
hr.  This  increase  in  macromolecular  synthe- 
sis is  a  prerequisite  for  the  initiation  of 
DNA  replication,  which  commences  ap- 
proximately 20  hr  poststimulation  (12).  d- 
Pen  did  not  inhibit  the  induction  of  the 
increased  rate  of  RNA  and  protein  synthesis 
following  PHA  stimulation,  as  evidenced 
by  the  lack  of  effect  of  the  drug  on  RNA 
and  protein  synthesis  during  the  first  20  hr 
(Table  II).  The  inhibitory  effect  of  D-pen 
on  lymphocyte  transformation  was  evident 
only  when  the  drug  was  present  in  the  first 
20  hr  of  culture.  The  inhibitory  effect  ap- 
peared to  be  related  to  some  process(es) 
prior  to  the  start  of  the  replicative  phase. 
DNA  synthesis,  which  does  not  begin  until 
about  20  hr  poststimulation,  is  maximal  in 
48-72  hr  (13).  D-Pen  inhibited  DNA  syn- 
thesis only  when  it  was  present  during  the 
first  20  hr  after  stimulation,  even  though  it 
had  no  effect  on  the  enhanced  rate  of  RNA 
and  protein  synthesis  during  that  period. 
When  DNA  synthesis  was  maximal,  inhibi- 


tion was  not  produced  by  the  additio 
pen  (Table  III).  It  is  possible  that 
may  exert  its  inhibitory  effect  by  bl 
the  signal  for  initiation  of  DNA  repl 
or  that  it  may  partially  inhibit  the  act 
of  enzymes  required  for  this  proces: 
ther  studies  are  in  progress  to  moi 
cisely  define  the  mechanism  of  the 
tion. 

Summary,  Mitogen-stimulated  i 
human  lymphocytes  were  exposed  to 
icillamine  (o-pen)  at  various  concent 
and  different  time  intervals.  D-Pen  inl 
lymphocyte  response  to  mitogen  stimi 
and  was  also  inhibitory  to  the  mixe 
phocyte  reaction.  The  inhibition  was 
to  be  partial  and  dose  dependent.  Th 
bition  of  lymphocyte  transformatio 
not  due  to  nonspecific  inhibition  of  p 
RNA,  or  DNA  synthesis.  The  dri 
inhibitory  only  when  it  was  present 
the  first  20  hr  of  culture.  The  inh 
effect  seemed  to  be  related  to  some  f 
prior  to  the  initiation  of  the  repl 
phase.  It  is  suggested  that  D-pen  ma> 
the  signal  for  the  initiation  of  DNA  r 
tion,  or  partially  inhibit  the  activat 
enzymes  required  for  the  above  proa 
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cal 

centimeter 

cm 

counts  per  minute 

cpm 

cubic  centimeter 

cm* 

Curie 

Ci 

degree  C^kius  (Centigrade) 

^o 

degree  Fahrenheit 

op 

diameter 

diam 

gram 

g 

hour 

hr 

inch 

in. 

inside  diameter 

i.d. 

intramuscular 

im 

intraperitoneal 

ip 

intravenous 

iv 

kilocalorie 

kcal 

kilogram 

kg 

liter 

spell  out 

meter 

m 

microliter 

Ml 

nucrometer 

fiiti 

milligram 

mg 

mOmitcr 

ml 

millimeter 

milliosmole 

minute 

molal  (concentration) 

molar  (concentration) 

mole 

molecular  weight 

nanogram 

nanometer 

normal  (concentration) 

osmole 

ounce 

outside  diameter 

parts  per  million 

percent 

picogram 

revolutions  per  minute 

second 

specific  activity 

square  centimeter 

square  meter 

subcutaneous 

volt 

volume 


mm 

mOsm 

min 

m 

M 

spell  out 

mol  wt 

ng 

nm 

N 

Osm 

oz 

o.d. 

ppm 

<"« 

/O 

P8 

rpm 

sec 

sp  act 

cm* 

m» 

sc 

V 

vol 
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Prolactin  Stimulates  Estrogen  Production  by  Feminizing  Adrenal  Neoplastic 

Cells  (40012) 


VICTOR  S.  FANG,  NOBUAKI  FURUHASHI,  and  OFELIA  GOMEZ 

crinology  Laboratory,  Department  of  Medicine,  The  University  of  Chicago,  Chicago,  Illinois  60637 


luction.  We  have  recently  reported 
iblishment  of  a  clonal  line  of  hu- 
Ithelial  cells  derived  from  a  femin- 
drenal  neoplastic  gland  (FANG) 
lignated  them  Fang-8  cells  (1).  In 
jbculture,  Fang-8  cells  maintained 
nflc  function  of  estrogen  synthesis, 
ormal  adrenal  functions  are  under 
tiulatory  control  of  adrenocortico- 
;ACTH)  and  possibly  other  pitui- 
inones,  we  have  carried  out  exper- 
to   study   the   response   of  Fang-8 

possible    stimulation    by    anterior 
'  hormones  in  culture. 
iak  and  methods.  The  cell  culture 
nent  was  kept  at  37**,  100%  humid- 

C02-95%  air.  For  replating,  we 
red  5-10  x  10^  cells  to  each  new 
J003  petri  dish  (100  x  20  mm)  and 

them  in  6-10  ml  of  regular  me- 
Vfatalon  modiGed  Eaglets  medium 
taining  10%  each  of  calf  and  fetal 
a].  To  maintain  the  culture,  me- 
as  changed  every  3  or  4  days.  For 
entation,  fresh  medium  was  used 
»eginning  of  experiments.  If  serum- 
^dium  was  used,  the  culture  was 
to  24  hr  or  a  shorter  period  of 
t  the  end  of  each  experiment,  the 
ere  harvested  and  washed  three 
•rith  normal  saline  before  cellular 
was  determined  by  the  method  of 
tal.O). 

gens  secreted  into  medium  were 
:d  by  radioimmunoassay  tech- 
^)  with  or  without  Sephadex  LH-20 
separation  (5)  for  estrone  (EO  and 
1-17/3  (E2).  Fang-8  cells  did  not 
estriol  (E3)  (1).  When  [»^C]acetate 
led  to  medium  as  precursor,  the 
ive  estrogenic  steroids  secreted 
^dium  were  extracted  alternately 
er  and  1  N  NaOH  twice  and  then 
d     by     the    thin-layer    chromato- 


graphic procedure  (6).  The  identification 
of  radioactive  estrogens  was  achieved  by 
precipitation  with  antisera  specific  to  each 
steroid. 

Pituitary  hormones  included  human 
prolactin  (hPRL)  (73-4-27)  which  was  gen- 
erously donated  by  Dr.  Henry  Friesen, 
Manitoba,  Canada;  Cortrosyn  (10  /ig  of 
/3*-"2^ACTH,  equivalent  to  1  US?  unit),  a 
product  of  Organon,  Inc.,  West  Orange, 
N.J.;  and  human  GH  (HS-2002F),  human 
LH  (LER-960),  human  FSH  (LER-1575C), 
human  thyrotropin  (TSH-HS3),  and  rat 
PRL  (I-l),  all  kindly  supplied  by  NIAMDD, 
NIH,  Bethesda,  Md. 

Results.  Figure  1  shows  the  cell  growth 
and  estrogen  production  rates  for  the 
whole  period  of  one  subculture.  In  regular 
medium  containing  sera,  cells  started  ex- 
ponential growth  on  the  third  day  after 
replating,  as  indicated  by  cellular  protein. 
On  the  eighth  day  of  subculture,  cell 
growth  began  to  decline  and  deceased  cells 
floated  in  the  medium.  Cell  growth  was 
arrested  completely  after  the  11th  day, 
unless  the  surviving  cells  were  immedi- 
ately replated.  Total  estrogen  production 
was  correlated  with  cell  protein  during 
the  subculture  period.  However,  the  E2/E1 
ratio  increased  with  the  time  of  culture, 
from  0.33  on  the  second  day  to  2.6  on  the 
eighth  day.  The  synthesized  estrogens 
were  apparently  secreted  into  medium 
constantly,  as  estrogen  content  inside  the 
cells  was  always  less  than  0.1  pg/fig  of 
cell  protein,  whereas  medium  content  of 
estrogens  might  range  from  2.8  to  8.8  pg/ 
/ig  in  24  hr  as  calculated  from  data  in 
Figs.  lA  and  B.  When  Fang-8  cells  were 
cultured  in  serum-free  medium  for  24  hr, 
the  cell  growth  was  arrested  and  estrogen 
production  was  not  halted,  but  was  drasti- 
cally reduced:  The  medium  total  estrogen 
content  was  0.5-1.7  pg//Ltg  (Fig-  IQ-  The 
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Fig.  1.  (A)  The  growth  curves  of  Fang-8  cells.  Equal  numbers  of  cells  were  replaced  to  total  40  dishes 
on  Day  0  and  cultured  in  regular  medium  containing  sera.  From  Day  1  on,  four  dishes  were  randomly 
taken  daily  during  the  following  10  days  for  24-hr  culture  in  6  ml  of  fresh  medium  per  dish:  two  dishes 
with  regular  medium  containing  sera  (solid  lines  and  circles)  and  the  other  two  dishes  with  serum-free 
medium  (dotted  lines  and  open  circles).  The  cells  were  harvested  for  protein  determination.  (B)  The  24-hr 
production  of  Ei  (upper  bar)  and  Ej  (lower  bar)  in  medium,  when  cells  were  cultured  in  regular  medium 
containing  sera.  (C)  The  24-hr  production  of  Ei (upper  bar)  and  Ej  (lower  bar)  in  medium,  when  cells  were 
cultured  in  serum-free  medium.  The  values  are  the  averaged  means  of  two  dishes. 


Ej/Ej  ratio  started  at  0.35  on  the  second 
day  and  increased  to  6.5  on  the  eighth 
day. 

Fang-8  cells  were  able  to  synthesize  ra- 
dioactive estrogens  from  [^'•CJacetate.  In 
one  experiment,  Fang-8  cells  on  the  fifth 
day  after  replating  were  cultured  in  regu- 
lar medium  containing  sera  and  1  /iCi  of 
["C]acetate  per  dish  for  various  periods  of 
time.  The  radioactivity  incorporated  into 
El  and  E2  increased  with  the  time  of  expo- 
sure of  Fang-8  cells  to  the  isotope  and 
amounted  to  0.39  and  2.55  nCi  at  the  end 
of  24-hr  culture,  respectively.  The  isolated 
radioactive  Ei  and  E2  could  be  precipitated 
with  excessive  antisera  coupled  with  a 
second  antibody,  up  to  75  and  79%,  respec- 
tively. 

In  regular  medium  containing  sera, 
Fang-8  cells  failed  to  be  stimulated  for 
estrogen  synthesis  by  any  single  anterior 
pituitary  hormone.  However,  using  Fang- 
8  cells  at  their  stage  of  exponential  growth 
and  cultured  in  serum-free  medium,  we 
could  demonstrate  a  stimulatory  effect  of 
human  PRL  (1  /ig/dish),  as  shown  by  the 
results  in  Table  I.  ACTH  up  to   10  /ig, 


TABLE  I.  Effect  of  PrrurrARY  Hormones  on 

Estrogen  Production  by  Fano-8  Cells  Cultured 

IN  Serum-Free  Medium." 


Total  estro- 

Hormone 

Dose 
(Mg/dish) 

Cell  protein 
(Mg/dish) 

]  jens  m  me- 
dium (pg/Mg 
of  protein  in 
24  hr) 

None  (control) 
hPRL 

1 

1185 
1250 

0.58 
2.10 

ACTH 

10 

1206 

0.78 

hGH 

2 

1191 

0.82 

hLH 

1 

1185 

0.59 

hPSH 

1 

1178 

0.62 

hTSH 

1 

1200 

0.69 

rPRL 

1 

1210 

0.55 

"  Mean  value  of  two  dishes  for  24-hr  culture. 

human  GH  up  to  5  fig,  and  rat  PRL  up  to 
10  fig  per  dish  failed  to  show  a  similarly 
stimulatory  effect.  Equivalent  amounts  of 
other  human  anterior  pituitary  hormones 
were  ineffective.  In  a  separate  experiment, 
we  further  found  that  the  stimulatory  ef- 
fect of  human  PRL  on  both  Ej  and  Ej 
production  by  Fang-8  cells  was  a  dose- 
dependent  phenomenon  (Table  II).  No  sim- 
ilar dose-response  relationship  could  be 
demonstrated    with    ACTH,     hGH,    and 
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TABLE  II.  Relationship  between  Dose  of  Human  PRL  and  Estrogens  Secreted  by  Fang-8  Cells  into 

Serum-Free  Medium  in  24  hr." 


Dose 

Cell  protein  {fig/ 

Ei(pg/Mg  of  pro- 

El (Pg/Mg  of  pro- 

(Mg/dish) 

dish) 

tein) 

P» 

tein) 

P» 

0  (control) 

1445  ±  55 

0.14  ±  0.04 

0.34  ±  0.05 

0.05 

1430  ±  90 

0.15  ±  0.05 

NS 

0.38  ±  0.06 

NS 

0.1 

1440  ±  69 

0.38  ±0.14 

<0.01 

0.53  ±  0.12 

<0.05 

0.2 

1480  ±  23 

0.58  ±  0.06 

<0.001 

0.95  ±0.15 

<0.001 

1.0 

1466  ±  20 

0.55  ±0.10 

<0.001 

1.20  ±0.16 

<0.001 

"  Values  are  means  ±  1  SD  for  four  dishes. 

*  Compared  with  control  group  by  Student's  /  test. 


rPRL.  The  data  in  both  tables  also  indicate 
that  cell  protein  did  not  increase  after  the 
hormone  treatment.  The  E2/E1  ratio  re- 
mained constant  after  human  PRL  treat- 
ment (Table  II).  Thus,  the  action  of  human 
PRL  on  estrogen  biosynthesis  seemed  to 
be  specific,  probably  to  affect  selectively 
the  steroidal  biosynthesis  by  a  mechanism 
involving  some  important  enzymes  but  not 
the  interconversion  between  E,  and  Eg. 

When  the  time  courses  of  estrogen  pro- 
duction by  Fang-8  cells  cultured  in  serum- 
free  medium  with  and  without  human 
PRL  were  compared,  the  response  to  the 
stimulatory  effect  of  human  PRL  was 
found  to  be  rapid  and  continuous  (Fig.  2). 
By  3  hr  of  culture,  the  difference  in  me- 
dium E2  content  between  PRL-stimulated 
and  control  cultures  was  significant  (P  < 
0.01).  At  the  end  of  24  hr,  human  PRL- 
stimulated  cells  secreted  about  three  times 
the  E2  of  the  unstimulated  culture.  How- 
ever, the  El  production  was  stimulated  to 
a  lesser  degree  by  human  PRL. 

Discussion.  We  were  not  totally  sur- 
prised to  notice  that  ACTH  was  ineffective 
in  stimulating  estrogen  production  by 
Fang-8  cells,  as  many  adrenal  tumors  had 
failed  to  respond  to  ACTH  (7).  Millington 
et  al.  (8)  recently  reported  that  in  primary 
tissue  culture  of  a  feminizing  adrenocorti- 
cal carcinoma,  both  ACTH  and  PRL  stim- 
ulated the  synthesis  of  estrogens  and  GH, 
LH,  and  ACTH  were  more  effective  than 
PRL  in  stimulating  androgen  synthesis. 
It  is  conceivable  that  being  a  clonal  line, 
Fang-8  cells  are  a  more  specific  type  of 
cell  culture  than  the  mixed  type  of  pri- 
mary culture  used  by  Millington  et  al. 
Furthermore,  the  difference  between  the 
two  cultures  could  be  accounted  for  if  the 
two  tumors  were  of  entirely  different  types 


2-5 


2-0 


I    1-5 

a 

I 
s 

|i{H 


as- 


A 


0    3    6 


24 


Hours 


Fig.  2.  Time  courses  of  Ei(open  circles)  and  Es 
(solid  circles)  production  by  Fang-8  cells  cultured  in 
serum-free  medium  containing  0.2  /Ag  of  human 
PRL  per  dish  (dotted  lines)  or  no  PRL  as  control 
(solid  lines).  The  values  are  the  means  of  four 
dishes  and  the  vertical  bars  represent  1  SD. 

which  nevertheless  shared  the  character- 
istic of  estrogen  production.  An  earlier 
report  by  Mathur  et  al,  (9)  described  an- 
other feminizing  adrenocortical  carcinoma 
which  synthesized  only  estrone  and  A*- 
steroid  sulfates  in  vitro  but  not  estradiol- 
17/3.  There  were  several  scattered  reports 
published  since  the  review  by  Gabrilove  et 
al.  (10),  describing  feminizing  adrenal  tu- 
mors. The  steroidal  and  gonadotropin  pro- 
duction by  these  tumors  were  obviously 
heterologous.  The  steroidogenic  property 
of  Fang-8  cells  resembled  that  of  the  Be  Wo 
and  Jar  lines  of  pure   trophoblastic  cells 
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derived  from  human  choriocarcinomas,  as 
described  by  Pattillo  etal.  (11).  The  tropho- 
blastic cells  could  synthesize  estrogens 
from  androstenedione  and  dehydroepian- 
drosterone,  probably  not  from  acetate. 

The  adrenal  gland  is  one  of  the  target 
organs  of  prolactin,  as  suggested  by  recep- 
tor study  (12).  There  is  no  unequivocal 
evidence  for  secretion  of  estrogens  by  a 
normal  adrenal  gland  (13).  There  is  also 
only  suggestive  evidence  that  prolactin 
may  alter  sex  steroidgenic  pathways  (14). 
Current  efforts  to  define  the  relationship 
between  prolactin  and  steroidogenesis  are 
less  successful.  The  results  from  our  exper- 
iments clearly  demonstrated  that  human 
prolactin  had  a  stimulatory  effect  on  estro- 
gen synthesis  by  Fang-8  cells.  This  fmding 
strongly  indicates  that  such  an  action  by 
prolactin  may  exist  under  pathological 
conditions.  Vermeulen  et  al.  (15)  recently 
reported  that  a  supraphysiological  prolac- 
tin level  might  directly  stimulate  the  ad- 
renal cortex  for  increased  production  of 
DHEA-S  and  androgen.  It  is  conceivable 
that  the  feminizing  adrenal  cortex  cells 
have  the  capacity  to  utilize  these  steroids 
for  estrogen  biosynthesis  subsequent  to 
the  stimulation  of  prolactin.  The  lack  of 
effect  of  rat  prolactin  and  human  growth 
hormone  may  involve  hormone  receptor 
specificity  and  could  be  further  investi- 
gated. 

It  should  be  noted,  however,  that  human 
prolactin  stimulated  estrogen  biosynthesis 
by  Fang-8  cells  when  they  were  cultured 
with  serum-free  medium,  which  restricted 
cell  growth  and  function  (Fig.  1).  It  seems 
true  that  in  order  to  demonstrate  the  stim- 
ulatory effect  of  a  hormone  in  culture,  the 
cells  should  be  in  a  hormone-depleted  state 
which  will  sensitize  the  cellular  response. 
An  excellent  precedent  was  the  stimula- 
tory effect  of  thyroid  hormones  on  the 
growth  of  GH,  cells,  which  could  not  be 
documented,  unless  cells  were  cultured 
with  medium  depleted  of  thyroid  hormone 
(16). 


Summary.    Using   Fang-8   cells   < 
in   serum-free   medium,   we   could 
demonstrate  a  stimulatory  effect  of 
prolactin  on  estrogen  biosynthesis 
concomitant    stimulation    of    cell 
The  enzymic  mechanism  involved  1 
been  defined.  Human  ACTH,  rat 
tin,    and    other    human    anterior    p 
hormones    were    ineffective.    This 
may  bear  some  relevance  to  the  pa 
cal  action  of  prolactin  on  the  adren< 
for  sex  steroidal  biosynthesis. 
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um    salts    are    well-accepted    thera- 
agents  for  the  treatment  of  various 
disorders,  particularly  for  the  alle- 
of  manic  depression.    During   the 
tcade,  use  of  lithium  has  grown  so 
that    interest    has   focused   on    its 
of   action    as   well   as    its   possible 
ce  on  other  biological  systems.  Cur- 
evidence     supports     a     mechanism 
>y  lithium  modifies  various  aspects 
tral  biogenic  amine  metabolism  (1, 

siderable  data  have  accumulated 
demonstrate  an  important,  al- 
not  fully  understood,  involvement 
tral  biogenic  amines  in  the  modula- 
f  the  pituitary-adrenal  gland  axis 
Experimental  manipulation  of  brain 
levels  has  been  shown  to  alter  pitui- 
cretion  of  ACTH  and  thus  adreno- 
I  hormone  release.  Since  lithium 
mX  has  been  associated  with  al- 
amine  levels,  it  is  reasonable  to 
;  that  adrenal  gland  function  may 
cted  as  well.  The  few  reports  which 
ith  the  effect  of  lithium  on  adrenal 
n  are  difficult  to  interpret  (7-10). 
)rder  to  more  fully  ascertain  the 
which  lithium  may  have,  the  influ- 
f  chronic  lithium  chloride  treatment 
-enal  cortical  function  in  the  male 
examined. 

rials  and  methods.  Adult  male 
e-Dawley  rats  (Charles  River 
ng  Laboratories,  Inc.,  Mass.)  weigh- 
proximately  200  g  were  maintained 
It-controlled  (fluorescent  iUumina- 
5hts  on  0400  hr,  lights  off  1800  hr), 
ditioned  (22-24**)  rooms  with  food 
iter  available  ad  libitum.  They  were 
individually   and   allowed   to   accli- 

study  was  supported  by  a  grant  from  the 
chlieder  Educational  Foundation,  New  Or* 
uisiana. 


mate  to  room  conditions  for  at  least  10 
days  prior  to  the  experiments. 

The  first  study  was  designed  to  examine 
the  effect  of  chronic  lithium  chloride  treat- 
ment on  the  rhythmic  pituitary-adrenal 
function.  Two  groups  of  rats  were  used; 
one  received  lithium  chloride  (3  meq/kg 
body  wt),  orally,  once  a  day  (0800-1000  hr) 
for  2  weeks,  and  the  other  group  was 
similarly  treated  with  isotonic  NaCl.  On 
the  day  following  the  last  drug  injection, 
blood  samples  were  obtained  for  studies  of 
diurnal  variation  in  plasma  corticosterone 
(B)  concentrations  between  0800  and  0900 
hr  and  1600  and  1700  hr  while  the  rats 
were  in  the  resting  state.  Strict  measures 
were  employed  to  avoid  disturbing  the 
rats  before  blood  sampling.  No  one  was 
allowed  in  the  animal  quarters  for  at  least 
12  hr  before  sampling.  Particular  care  was 
taken  to  ensure  that  each  blood  sample 
was  obtained  within  3  min  after  each  "non- 
stressed"  rat  was  removed  from  its  cage. 
Each  rat  was  then  carried  to  an  anteroom 
and  immediately  etherized;  jugular  blood 
(0.5-1.0  ml)  was  withdrawn  into  heparin- 
ized  syringes.  The  "stress"  response  to 
ether  inhalation  was  assessed  at  the  same 
time.  After  the  first  blood  sample  was 
taken  as  described,  the  anesthetized  rats 
were  placed  in  individual  cages  in  the 
anteroom  for  a  15-min  period  beginning 
with  their  first  exposure  to  ether  vapors. 
They  were  etherized  a  second  time  and 
another  blood  sample  was  collected. 

The  acute  response  to  lithium  was  also 
studied.  Groups  of  rats  received  one  oral 
injection  of  LiCl  (6  meq/kg  body  wt)  or 
isotonic  NaQ  at  2,  12,  or  24  hr  prior  to 
blood  sampling.  Basal  B  levels  were  mea- 
sured at  0800-0900  hr. 

The  third  segment  of  this  investigation 
examined  the  effect  of  dexamethasone-21- 
phosphate  on  plasma  B  levels  in  rats 
chronically    treated    with    LiQ    or    NaQ. 
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3r  diluted  dexamethasone- 
Decadron ,  Merck ,  Sharp 
30  /ig/kg  body  wt)  was  in- 
s  at  midnight  on  the  14th 
leq/kg)  or  NaCl  treatment, 
ther-stress  blood  samples 
0800-0900  hr. 
s  collected  in  heparinized 
lood  was  centrifuged  at  4° 

was  separated  and  frozen 
Plasma  B  was  measured 
by  a  modification  of  the 
d  by  Kendall  et  al,  (11). 
levels  were  measured  ac- 
jchnique  of  Amdisen  (12). 

was    used    for   statistical 
ta. 

e-treated  rats  exhibited  a 
ariation  in  plasma  B  (am, 
00  ml;  PM,  17.4  ±  2.2). 
3  meq/kg  body  wt)  admin- 
male  rats  for  2  weeks  did 
AM-PM  rhythm   in  plasma 

it  did  cause  a  significant 
ition  in  the  morning  (0800- 

in  comparison  to  saline- 
ats  (6.4  ±  1.4  vs  11.8  ± 
e  1600-hr  plasma  hormone 
ited  animals  (17.2  ±  1.3) 
rom  that  of  the  controls 
t  the  end  of  2  weeks,  the 

weights    (A    =    final    - 
newhat,    but    not    signifi- 
LiCl-treated  group, 
er    anesthesia,    the    stress 
itrations  rose  dramatically 


;t  of  chronic  LiCl  or  NaCI  treat- 
ind  "stress"  plasma  B  levels  in 
essed  as  means  ±  SEM;  number 
in  each  column. 


(Fig.  1)  in  all  groups,  as  expected.  In  LiQ- 
treated  rats,  however,  the  0800-hr  plasma 
adrenal  steroid  concentration  (44.0  ±  1.3) 
was  elevated  (P  <  0.05)  over  that  of  its 
stress  controls  (39.4  ±  2.1);  there  was  no 
comparable  difference  between  the  groups 
for  the  afternoon  stress  value. 

The  acute  effect  of  LiQ  administration 
on  adrenocortical  function  is  shown  in  Fig. 
2.  Young  male  rats  given  one  oral  dose  of 
Lia  (6  meq/kg  body  wt)  2  hr  prior  to  the 
0800-hr  blood  draw  responded  with  a 
marked  elevation  {P  <  0.05)  in  plasma 
corticosierone  level  (32.9  ±  7.2)  compared 
with  NaCl-treated  animals  (17.5  ±  4.1). 
The  difference  in  plasma  hormone  levels 
was  evident,  in  spite  of  the  presence  of 
handling  and  injection  stress  factor  which 
increased  adrenocortical  activity  in  both 
groups.  When  the  time  duration  between 
drug  or  saline  administration  and  blood 
sampling  was  extended  to  12  and  24  hr, 
the  corticosterone  concentrations  remained 
higher  (P  <  0.05)  in  the  LiCl-treated  ani- 
mals. Note  that  the  residual  stress  effect  had 
dissipated  by  12  hr  after  either  injection. 

In  two  separate  assessments  rats  treated 
with  Lia  or  NaQ  for  2  weeks  were  given 
one  sc  injection  of  either  dexamethasone 
(100  fig/kg  body  wt)  or  saline  8  hr  before 
sampling  blood  at  0800  hr  (Fig.  3).  The 
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Fig.  2.  Basal  B  secretion  2,  12,  and  24  hr  follow- 
ing an  acute  dose  of  LiQ  (•)  (6  meq/kg  body  wt)  or 
NaCI  (O).  The  injection  time  is  indicated  by  the 
arrowhead;  number  of  animals  per  group  =  7;  re- 
sults expressed  as  means  ±  SEM. 
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3 .  The  effect  of  one  sc  injection  of  dexameth- 
100  figjkg  body  wt)  on  plasma  B  levels  in 
onically  treated  with  LiCl  or  NaCl.  Results 
sd  as  means  ±  SEM;  number  of  animals 
d  in  each  column. 

for  one  of  the  two  experiments  are 

in  Fig.  3.  Notice  that  dexametha- 
reatment  did  not  cause  an  additional 
ation  in  resting  plasma  B  levels  in 
c  NaQ-treated  rats.  One  sc  injection 
^  Mg/l^g  l>o<^y  weight  of  dexametha- 
however,  did  effectively  suppress  the 
sd  plasma  steroid  level  typically 
in  long-term  LiQ-treated  animals 
±  1.3  vs  5.5  ±  0.4;  P<  0.01). 
:ussion.  These  data  indicate  that 
1  affects  the  normal  adrenocortical 
>ry  pattern.  In  our  laboratory  the 
1  rhythm  in  adrenocortical  secretion 
:e  typical,  i.e.,  plasma  corticosterone 
are  lowest  ("trough")  at  0800  hr  and 
se  steadily  throughout  the  day  to 
their  highest  levels  ("peak")  at  ap- 
lately  1600  hr.  Although  lithium  ad- 
ered  daily  for  2  weeks  to  male  rats 
3t  abolish  the  fluctuation  in  plasma 
il  steroid  levels  (Fig.  1),  it  did  con- 
ly  affect  the  rats  in  such  a  way  as 
Lise    the    early-morning   plasma    hor- 

levels  to  be  elevated  midway  be- 
the  normal  trough  and  peak  values, 
/o  separate  occasions  we  measured 
I  corticosterone  in  lithium-treated 
:  4-hr  intervals  throughout  a  24-hr 
.  The  data  from  these  studies  con- 

those  illustrated  in  Fig.  1  in  that 
isma  hormone  level  at  each  time 
jid   not  differ  from  that  of  saline- 


treated  control  rats  except  for  the  0800-hr 
value,  which  was  elevated  as  shown  in 
Fig.  1. 

Few  reports  exist  which  deal  with  the 
influence  of  lithium  on  adrenocortical  se- 
cretion. However,  those  which  have  been 
reported  (7-10)  are  at  variance  with  one 
another  and  difficult  to  interpret.  Platman 
and  Fieve  (8)  and  Platman  et  al,  (9)  have 
presented  evidence  that  the  morning 
plasma  Cortisol  levels  are  increased  after 
lithium  carbonate  administration.  Their 
data  were  collected  from  patients  with 
manic  depressive  disease.  On  the  other 
hand,  in  a  study  using  normal  healthy 
male  volunteers,  Halmi  et  al.  (7)  reported 
that  lithium  blunts  the  circadian  variation 
of  serum  Cortisol  levels  by  lowering  peak 
morning  values.  In  still  another  investi- 
gation (10),  lithium  carbonate  did  not  have 
any  apparent  effect  on  adrenal  function  in 
a  group  of  patients  in  clinical  remission. 
The  discrepancies  in  these  reports  are 
most  likely  due  to  variations  in  the  sam- 
pling population,  dose  of  lithium  used, 
duration  of  treatment,  or  time  of  blood 
sampling. 

We  attempted  to  minimize  variables  in 
these  studies.  Each  male  rat  of  the  same 
age  and  weight  was  treated  with  an  iden- 
tical dose  of  lithium  for  the  same  period  of 
time.  Blood  was  sampled  with  as  little 
disturbance  to  the  rats  as  possible.  We 
feel  that  our  basal  plasma  corticosterone 
levels  accurately  reflect  the  efficacy  of  our 
sampling  procedure  since  the  "resting" 
rats  display  plasma  hormone  levels  not 
unlike  those  of  animals  treated  with  a 
dose  of  dexamethasone  sufficient  to  sup- 
press adrenocortical  function  to  basal  lev- 
els (13),  Initially  the  dosage  and  route  of 
administration  of  LiCl  were  given  special 
consideration.  Various  concentrations  of 
LiCl  (1.5,  3.0,  6.0,  and  15.0  meq/kg  body 
wt)  were  administered  either  ip  or  orally 
at  0800-1000  hr,  daily,  for  2  weeks.  Since 
all  rats  receiving  the  two  higher  dosages 
of  LiCl  died  within  4  days,  the  3.0  meq/kg 
body  weight  dose  was  used  in  all  experi- 
ments unless  otherwise  stated.  This  drug 
regimen  resulted  in  lithium  plasma  levels 
in  the  range  of  0.30  ±  0.030  meq/liter  as 
measured   24   hr  after  the   last   injection. 
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No  difference  in  results  was  observed  be- 
tween the  two  routes  of  administering  the 
drug;  therefore,  in  order  to  circumvent  the 
possible  nonspecific  stressful  effects  due  to 
peritoneal  irritation,  all  drug  treatments 
were  administered  orally  in  these  studies. 

Ether  inhalation  was  used  in  one  study 
to  assess  the  effect  of  lithium  on  the  func- 
tional integrity  of  the  brain-pituitary-ad- 
renal unit  and  of  its  ability  to  respond 
with  increased  ACTH  release.  The  stress 
plasma  corticosterone  level  in  lithium- 
treated  rats  was  greater  {P  <  0.05)  than 
that  of  stressed  saline-treated  animals 
during  the  trough  period  of  the  diurnal 
cycle.  There  was  no  difference  between 
the  groups  in  the  afternoon.  Despite  the 
increased  response  to  ether  in  the  lithium- 
treated  rats,  however,  the  "stress  incre- 
ment" (i.e.,  the  difference  between  the 
respective  basal  and  stress  values)  was 
not  different  between  the  two  groups.  In 
view  of  the  uniform  stress  increments  in 
experimental  and  control  groups,  it  does 
not  appear  that  3  meq/kg  body  weight  of 
lithium  chloride  compromised  adrenal  res- 
ponsitivity  to  ACTH  stimulation. 

On  the  basis  of  evidence  presented  in 
this  report,  it  seems  unlikely  that  lithium 
chloride  has  a  direct  effect  on  the  adrenal 
cortex.  If  it  did,  one  would  expect  a  non- 
specific increase  in  adrenal  corticosterone 
secretion  at  each  time  point  examined, 
rather  than  only  at  the  0800-hr  sampling 
period  as  shown  here.  Therefore,  we  pre- 
sume that  lithium  administration  results 
in  a  modulation  of  the  brain-pituitary  unit 
to  increase  ACTH  release.  Lending  cre- 
dence to  this  rationale  are  some  prelimi- 
nary data  fi-om  this  laboratory  which  dem- 
onstrate that  lithium-treated  hypophysec- 
tomized  rats  do  not  have  elevated  plasma 
corticosterone  levels  as  do  similarly  treated 
intact  controls. 

Dexamethasone  phosphate  is  a  well- 
known  inhibitor  of  ACTH  release.  It  re- 
mains uncertain  as  to  whether  its  locus  of 
action  is  at  the  pituitary  or  brain  level; 
one  can  muster  evidence  in  support  of 
either  (14).  In  these  studies  dexametha- 
sone (100  /Ltg/kg)  given  8  hr  before  blood 
sampling  effectively  inhibited  the  elevated 
corticosterone     level     seen     with     lithium 


treatment.  This  could  indicate  that  the 
feedback  effect  of  dexamethasone  some- 
how interferes  with  the  stimulatory  influ- 
ence of  lithium.  It  is  not  unreasonable  to 
assume  that  the  interaction  between  the 
two  drugs  occurs  at  a  neural  level.  As  also 
suggested  by  other  (7),  the  dexamethasone 
study  provides  further  evidence  that  the 
adrenal  cortex  is  not  the  primary  site  of 
action  of  lithium. 

Since  the  clinical  use  of  lithium  is  rap- 
idly increasing,  interest  has  focused  on  its 
exact  locus  and  mode  of  action.  In  general 
most  evidence  indicates  that  lithium  acts 
through  induced  changes  in  the  metabo- 
lism of  neural  catecholamines  and/or  ser- 
otonin (15-18,  20,  21).  O'Connell  (22)  has 
suggested  that  the  commonly  encountered 
side  effects  and  behavioral  consequences 
of  lithium  therapy  are  causally  related,  at 
least  in  part,  to  functional  alterations  in 
biogenic  amine  activity  in  limbic  system 
structures  particularly  of  the  hypothala- 
mus. Noradrenaline,  dopamine,  and  sero- 
tonin are  known  to  play  important  roles 
in  hypothalamic  control  mechanisms  as 
they  relate  to  brain-pituitary-adrenal 
gland  function  (4-6,  23).  Mukherjee  et  al. 
(19)  reported  that  more  lithium  is  selec- 
tively accumulated  by  hypothalamic  tissue 
than  by  cortex,  cerebellum,  and  other 
areas.  It  is  likely  then  that  the  therapeutic 
effectiveness,  side  effects,  and  possible  de- 
leterious endocrine  consequences  of  lith- 
ium treatment  reflect  an  action  by  lithium 
at  some  hypothalamic  or  other  limbic  sys- 
tem locus. 

In  this  study  it  is  conceivable  that  lith- 
ium chloride  may  have  produced  a  general 
stress  reaction  to  which  the  adrenal  gland 
responded  with  an  increase  in  secretion  of 
corticosterone.  In  addition,  the  possibility 
that  lithium  may  have  altered  corticoster- 
one disposal  rates  cannot  be  ruled  out. 
More  detailed  pharmacological  informa- 
tion is  needed  to  support  the  hypothesis 
that  the  effects  caused  by  lithium  on  the 
adrenal  gland  are  probably  mediated  by 
modifications  in  the  neurochemical  cir- 
cuits known  to  influence  adrenocortical 
function. 

Summary.  The  effect  of  lithium  chloride 
treatment  on   adrenocortical  function   was 
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Studied.  Rats  given  lithium  orally  for  2 
weeks  demonstrated  elevated  am  "resting" 
plasma  corticosterone  levels  compared  to 
saline-treated  controls.  There  was  in- 
creased plasma  corticosterone  2  hr  after  a 
single  lithium  injection.  Dexamethasone 
blocked  the  lithium-stimulated  adrenal  re- 
sponse in  chronically  treated  rats. 

The  technical  and  secretarial  assistance  of  Cath- 
erine Christensen,  Garbis  Kerimian,  and  Mary  Ann 
Wilde  is  gratefully  acknowledged. 
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Since  the  initial  suggestion  of  a  close 
relationship  between  calcium  and  cyclic- 
3 '  ,5  '-adenosine  monophosphate  by  Ras- 
mussen  and  Tenenhouse  (1),  it  has  become 
evident  that  calcium  acts  as  a  second  mes- 
senger in  the  control  of  many  diverse  cel- 
lular processes  (1-3).  The  nearly  universal 
nature  of  this  close  relationship  between 
calcium  and  cyclic  AMP  has  been  the 
subject  of  several  recent  reviews  (2,  3).  It 
appears  that  in  the  many  systems  which 
are  regulated  by  calcium,  cyclic  AMP 
plays  an  important  role  as  a  modulator  of 
that  signal  (2,  3).  In  certain  systems  cal- 
cium and  cyclic  AMP  seem  to  act  synergis- 
tically,  in  that  cyclic  AMP  augments  the 
initial  calcium  effect,  where  in  other  sys- 
tems cyclic  AMP  appears  to  oppose  the 
calcium  effect  (3). 

The  activation  and  modulation  of  renal 
gluconeogenesis  by  parathyroid  hormone 
is  a  system  in  which  calcium  and  cyclic 
AMP  are  closely  related  (4).  Borle  has 
shown  a  significant  increase  in  radiocal- 
dum  efflux  from  kidney  cells  in  tissue 
culture  following  the  addition  of  parathy- 
roid hormone  (5).  After  the  demonstration 
of  calcium  requirement  for  maximal  rates 
of  gluconeogenesis  in  the  perfused  rat  liver 
by  Hems  et  al.  (6),  many  investigators 
have  examined  the  role  of  extracellular 
calcium  and  hydrogen  ion  concentrations 
in  the  control  of  renal  gluconeogenesis  (7- 
17).  Parathyroid  hormone  stimulates  renal 
gluconeogenesis  in  the  presence  of  exter- 
nal Ca^"*^  but  not  in  its  absence,  despite  a 
similar  increase  in  cyclic  AMP  levels  un- 
der both  conditions  (10,  15).  In  addition, 
prostaglandin   Ei   has  been   shown   to   in- 

*  Address  reprint  requests  to  Saulo  Klahr,  M.D., 
Washington  University  School  of  Medicine,  Depart- 
ment of  Medicine,  Renal  Division,  4550  Scott  Ave- 
nue, St.  Louis,  Missouri  63110. 


crease  gluconeogenesis  (18),  an  effect 
which  is  inhibited  by  removal  of  external 
Ca^"*".  Again,  cyclic  AMP  generation  in 
response  to  PGEi  was  identical  in  the 
absence  and  presence  of  external  Ca^"*". 

lonophorous  antibiotics  modify  the 
transport  of  specific  ions  across  biological 
membranes.  The  ionophore  A23187  is  a 
carboxylic  acid  antibiotic  derived  from 
Streptomyces  chartreusensis  that  is  spe- 
cific for  the  transport  of  divalent  cations 
across  biologic  membranes  (19).  A23187 
speciGcally  binds  cations  at  neutral  pH 
with  the  following  relative  affinities  Ca'* 
>  Mg2^  >  Sr^^  >  Ba2+  (18).  The  ionophore 
A23187  has  recently  been  demonstrated  to 
activate  many  calcium-dependent  biologi- 
cal processes,  including  fluid  secretion  in 
the  insect  salivary  gland  (20),  DNA  syn- 
thesis in  sea  urchin  eggs  (21),  secretion 
and  aggregation  in  platelets  (22),  and  in- 
sulin secretion  in  pancreatic  /3  cells  (23). 

The  present  studies  were  undertaken  to 
examine  the  roles  of  calcium  and  cyclic 
AMP  in  renal  gluconeogenesis  using  the 
ionophore  A23187  in  an  effort  to  alter 
intracellular  calcium  concentrations  inde- 
pendent of  any  effect  on  cyclic  AMP  con- 
centrations. 

Materials  and  methods.  Preparation  of 
renal  cortical  tubules.  Rat  renal  cortical 
tubules  were  prepared  by  a  modification 
of  the  method  of  Nagata  and  Rasmussen 
(10).  Adult  Holtzman  rats  weighing  200- 
300  g,  fed  a  regular  diet,  and  not  fasted 
prior  to  study  were  stunned  by  a  blow  to 
the  head.  The  abdominal  aorta  was  ex- 
posed through  a  midline  incision  and  the 
kidneys  were  perfused  via  the  aorta  with 
10  ml  of  a  calcium-free  Krebs- Ringer  phos- 
phate buffer,  pH  7.4,  containing  40  mg% 
of  coUagenase  (Sigma  Corp.,  St.  Louis, 
Mo.).  Following  the  perfusion,  the  kidneys 
were  removed  rapidly  and  placed  in  icc- 
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alcium-free  Krebs-Ringer  phosphate 
,  pH  7.4.  Cortical  slices  were  ob- 
using  a  Stadie-Riggs  microtome.  The 
were  then  incubated  at  37**  in  10  ml 

same  calcium-free  buffer  containing 
%  of  coUagenase  for  20-30  min  in  a 
)ff  metabolic  shaker  at  a  rate  of  60-70 
tions   per   minute.   The   slices   were 

using  a  mixture  of  O2/CO2  (95:5, 
Following  this  incubation  the  tubules 
filtered  through  two  layers  of  fine 
d  gauze  and  washed  with  50  ml  of 
n-free  Krebs-Ringer  phosphate,  pH 
'he  suspension  was  then  centrifuged 

for  90  sec  at  4®  in  a  Sorvall  centrifuge 
j1  Rc2-B).  The  pellet  was  resuspended 
ml  of  the  calcium-free  Krebs-Ringer 
hate  and  the  procedure  was  repeated 
'he  final  preparation  of  tubules  was 
ended  in  calcium-free  Krebs-Ringer 
hate  buffer. 

rrmination  of  glucose  production, 
le  determination  of  glucose  produc- 

500-/xl  aliquot  of  the  suspension  of 
cortical  tubules  containing  4-6  mg 
•tein  was  incubated  in  Krebs-Ringer 
late  buffer,  pH  7.4,  of  the  following 
composition  (millimoles  per  liter): 
30;  K-^,  4;  Mg^"^,  1.4;  CI",  136;  POr, 
his  solution  also  contained  2%  BSA. 
iments  were  carried  out  with  no  cal- 
Ca^"^  was  omitted  and  0.1  mM  EGTA 
Ided),  or  with  0.1  or  1.0  mM  Ca^^ 
itration   in   the   incubation   medium. 

Ca^**"  was  omitted,  the  Na"*"  concen- 
i  of  the  Ringer's  was  132  mmoles/ 
rhe  final  incubation  volume  was  1.0 
i  experiments  were  performed  in  10- 
iconized  Erlenmeyer  flasks  contain- 
her  10  mAf  of-ketoglutarate,  10  mM 
line,  10  mM  succinate,  10  mM  lac- 

0  mM  glycerol,  or  no  substrate.  The 
s  were  incubated  at  37**  in  a  Dubnoff 
olic    shaker    at    50    oscillations    per 

1  and  were  constantly  gassed  using 
ure  of  O2/CO2  (95:5,  v/v). 
erimental     flasks     contained     iono- 
A23187  at  concentrations  of  10"^  or 
/.  Control  flasks  contained  DMSO, 

same  concentration  as  that  present 
experimental  flasks,  since  the  iono- 
A23187  stock  solution  was  made  up 
(SO.  Tubules  were,  therefore,  incu- 


bated without  substrate,  with  substrate 
and  ionophore  A23187,  and  with  substrate 
and  DMSO.  After  60  min  of  incubation 
the  reaction  was  stopped  by  boiling  for  3 
min.  The  suspension  was  then  centrifuged 
at  3000g  for  5  min  and  an  aliquot  was 
obtained  for  glucose  determination.  Glu- 
cose was  assayed  fluorimetrically  using 
the  hexokinase  method  (24).  All  measure- 
ments were  done  in  duplicate.  Protein  was 
measured  by  the  method  of  Lowry  et  aL 
(25). 

Measurements  of  cyclic  AMP.  Suspen- 
sions of  renal  cortical  tubules  containing 
4-6  mg  of  protein  were  incubated  in 
Krebs-Ringer  phosphate  buffer,  pH  7.4, 
containing  10  mM  glucose,  10"^  M  theo- 
phylline, and  0.25%  lyophilized  bovine  se- 
rum albumin.  The  calcium  concentration 
was  either  0,  0.1,  or  1.0  mM.  Experimental 
flasks  contained  ionophore  A23187  at  con- 
centrations of  10~®  and  10"®  M,  appropriate 
DMSO  diluent,  or  parathyroid  hormone,  1 
unit/ml.  Incubations  were  carried  out  for 
20  min  at  37°  in  a  Dubnoff  metabolic 
shaker  using  a  gas  mixture  of  CO2/O2 
(5:95,  v/v).  The  reaction  was  terminated 
by  the  addition  of  trichloroacetic  acid. 
After  ether  extraction  the  suspension  was 
centrifuged  at  3000g  for  5  min  and  the 
supernatant  assayed  for  cyclic  AMP.  The 
pellet  was  placed  into  boiling  50  mM  so- 
dium acetate/acetic  acid  buffer,  pH  4,  for 
10  min  and  homogenized  by  hand  using  a 
glass  homogenizer.  The  homogenate  was 
then  centrifuged  at  5000g  for  20  min  and 
the  supernatant  assayed  for  cyclic  AMP. 
Cyclic  AMP  was  determined  by  a  modifi- 
cation of  the  method  of  Oilman  (26).  All 
measurements  were  done  in  duplicate. 
Similar  experiments  were  carried  out 
without  theophylline  in  the  medium  and 
incubating  for  10  min. 

Reagents.  PH]-Labeled  cyclic-3',5'-AMP 
was  purchased  from  New  England  Nuclear 
(Boston,  Mass.).  Bovine  parathyroid  hor- 
mone synthetic  1-34,  Lot  No.  26013,  was 
from  Beckman.  The  ionophore,  A23187, 
was  a  generous  gift  from  Dr.  Robert  Ham- 
ill  of  the  Eli  Lilly  Co.,  Indianapolis,  Indi- 
ana. The  ionophore  was  stored  at  4*?  Fresh 
solutions  were  prepared  daily  by  adding 
20  /Ltl  of  DMSO/0.5  mg  of  ionophore  and 
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bringing  to  a  final  volume  of  1  ml  with 
distilled  water. 

The  results  are  expressed  as  means  ± 
the  standard  error.  Statistical  analysis 
was  performed  using  Student*s  /  test  for 
paired  data. 

Results.  The  effect  of  parathyroid  hor- 
mone on  glucose  production  by  isolated 
rat  renal  cortical  tubules  is  presented  in 
Table  I.  In  the  presence  of  0.1  and  0.25 
xnM  external  calcium,  submaximal  doses 
of  parathyroid  hormone  stimulated  signif- 
icantly glucose  production  from  a-ketoglu- 
tarate.  Omission  of  calcium  from  the  in- 
cubation medium  (0.1  mAf  EGTA)  abol- 
ished the  stimulation  of  gluconeogenesis 
produced  by  parathyroid  hormone.  Glu- 
cose production  was  linear  during  the  60 
min  of  incubation. 

Table  II  presents  the  effect  of  ionophore 
A23187  on  glucose  production  from  a-ke- 
toglutarate  by  isolated  rat  renal  cortical 
tubules.  The  rates  of  glucose  production 
from  a-ketoglutarate  at  external  Ca^"*^  con- 
centrations of  1.0  mAf  (130.9  nmoles/mg  of 
protein/60  min)  are  lower  than  those  ob- 
tained by  Nagata  and  Rasmussen  (10)  us- 
ing an  external  Ca-"*^  concentration  of  2.5 
mAf  (179  ±  9  nmoles/mg  of  protein/hr). 
Ionophore  A23187  (10-«  and  lO*  Af)  in- 


creased glucose  production  significantly  (P 
<  0.01)  in  the  presence  of  10  mAf  cv-keto- 
glutarate  at  external  calcium  concentra- 
tions of  0.1  mAf.  Increased  ionophore  con- 
centrations, such  as  10~^  Af ,  inhibited  glu- 
cose production  at  0.1  mAf  external  cal- 
cium concentrations.  Omission  of  calcium 
from  the  incubation  medium,  which  con- 
tained 2%  BSA  and  0.1  mAf  EGTA,  de- 
creased glucose  production  from  o-keto- 
glutarate,  and  addition  of  ionophore,  10~^ 
and  10~*  Af ,  did  not  increase  glucose  pro- 
duction significantly.  At  external  calcium 
concentrations  of  1.0  mAf  and  higher,  10"^ 
and  10~*  Af  ionophore  did  not  increase 
glucose  production  from  cv-ketoglutarate. 
To  explore  further  the  role  of  external 
calcium  present  in  bovine  serum  albumin 
(15),  additional  experiments  were  per- 
formed using  dialyzed  BSA.  The  BSA  was 
dialyzed  at  4*"  for  72  hr  against  a  phosphate 
Ringer's  solution  containing  no  calcium. 
Table  III  shows  the  effects  of  ionophore  on 
glucose  production  by  isolated  rat  renal 
cortical  tubules  when  dialyzed  bovine  se- 
rum albumin  was  used.  In  the  absence  of 
external  calcium,  10~*  Af  ionophore  did 
not  significantly  increase  glucose  produc- 
tion as  compared  to  control  flasks  contain- 
ing diluent  (DMSO)  at  the  same  concen- 


TABLE 


Effect  of  Parathyroid  Hormone  on  Glucose  Production  by  Isolated  Rat  Renal  Cortical 

Tubules. 

Glucose  production  (nmoles/mg  of  protein/60  min)" 


No  external  Ca**        0.1  mM  External  Ca'* 


0.25  mM  External 
Ca«* 


No  substrate 

10  mM  o-Ketoglutarate 

Parathyroid  hormone,  1  unit/ml 


20.9  ±  2.5 
78.8  ±  3.7 
77.5  ±  4.2 


24.6  ±  4.6 

93.2  ±  2.7 

121.2  ±  3.7 


34.4  ±  1.4 
101.2  ±3.2 
145.0  ±5.8 


'  Values  are  the  means  ±  SE  of  four  experiments. 

TABLE  II.  Effect  of  Ionophore  A23187  on  Glucose  Production  by  Isolated  Rat  Renal  Cortical 

Tubules. 


Glucose  production  (nmoles/mg  of  protein/60  min) 
No  external  Ca^*        0.1  mAf  External  Ca**    1 .0  mAf  External  Ca* 


No  substrate 

a-Kg+  10-»  DMSO  diluent 
a-Kg  +  10"*  Af  ionophore 
a-Kg  +  10*  DMSO  diluent 
Of- Kg  +  10~*A/  ionophore 


22.3  ±  2.1« 

76.3  ±  7.1 
81.5  ±  9.5 

66.4  ±  6.6 
66.1  ±  7.3 


30.3  ±  1.8 

113.3  ±  10.9 
130.0  ±  12.6* 

115.4  ±  10.7 
136.4  ±  10.2* 


46.5  ±5.0 
130.9  ±  9.3 
113.2  ±4.4 
117.7  ±4.1 
115.6  ±7.6 


°  Values  are  the  means  ±  SE  of  four  experiments  in  the  cases  of  zero  and  1 .0  mAf  external  Ca**  and  seven 
experiments  with  0.1  mM  external  Ca**. 

•  Values  significantly  different  from  those  obtained  with  a-Kg  +  DMSO  lO*  (P  <  0.01). 
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tration.  On  the  other  hand,  using  dialyzed 
BSA  and  a  0.1  mAf  external  calcium  con- 
centration, ionophore  produced  a  signifi- 
cant (P  <  0.01)  increase  in  glucose  produc- 
tion as  compared  to  the  values  obtained 
using  diluent  alone. 

Table  IV  depicts  the  effect  of  lO'^  M 
ionophore  on  glucose  production  from  a 
variety  of  substrates  at  an  external  Ca^"*^ 
concentration  of  0.1  mAf.  Under  these  con- 
ditions ionophore  resulted  in  a  significant 
increase  in  glucose  production  (P  <  0.05) 
from  cK-ketoglutarate,  glutamine,  succi- 
nate, and  lactate.  Ionophore  did  not  in- 
crease glucose  production  when  glycerol 
was  used  as  a  substrate. 

Since  many  compounds  have  been 
shown  to  stimulate  gluconeogenesis  by  in- 
creasing cyclic  AMP  levels,  we  studied  the 
effect  of  ionophore  A23187  on  cyclic  AMP 
levels  in  isolated  renal  cortical  tubules. 
Table  V  presents  the  results  of  such  stud- 
ies. Ionophore  A23187  at  concentrations  of 


TABLE  in.  Effects  of  Ionophore  A23187  on 

Glucose  Production  by  Isolated  Rat  Renal 

Cortical  Tubules." 


Glucose  production  (nmoles/mg 
of  protein/60  min) 


No  external 


0.1  mM  Exter- 
nal Ca^^ 


No  substrate  10.9  ±  0.5  15.6  ±  3.3 

cr-Kg  +  10-»  DMSO      35.6  ±  4.8  60.4  ±  7.4 

diluent 
a-Kg  +  10-»  M  ion-      30.3  ±  5.6  82.3  ±  8.f 

ophore 

'  These  experiments  were  carried  out  using  dialyzed 
bovine  serum  albumin  (BSA).  BSA  was  dialyzed  at  4* 
for  72  hr  against  a  phosphate  Ringer*s  solution  contain- 
ing no  calcium.  The  values  are  the  means  ±  SE  of  six 
experiments. 

•  Values  significantly  different  (P  <  0.01)  from  cr- 
Kg  +  10-»  DMSO. 


10~®  and  10"*  M  did  not  increase  cyclic 
AMP  production  by  renal  tubules  at  exter- 
nal Ca^"^  concentrations  of  0.1  or  1  mAf. 
Omission  of  Ca^"*^  from  the  external  me- 
dium did  not  alter  the  results.  On  the 
other  hand,  1  unit/ml  of  parathyroid  hor- 
mone increased  cyclic  AMP  production  sig- 
nificantly both  in  the  absence  and  pres- 
ence of  external  Ca^"*^. 

Similar  experiments  (results  not  shown) 
were  carried  out  without  theophylline  in 
the  incubation  medium  at  0  (0.1  mAf 
EGTA),  0.1,  and  1  mAf  external  Ca^"^  con- 
centrations. Ionophore  did  not  increase 
cyclic  AMP  production  under  these  condi- 
tions. 

Additional  experiments  were  performed 
to  evaluate  the  effects  of  ionophore  alone, 
cyclic  AMP  alone,  and  the  two  drugs  in 
combination  on  glucose  production  by  iso- 
lated rat  renal  cortical  tubules.  As  shown 
in  Table  VI,  both  ionophore  and  cyclic 
AMP  added  alone  increased  glucose  pro- 
duction significantly  as  compared  to  flasks 
containing  only  a-ketoglutarate.  How- 
ever, the  combination  of  ionophore  and 
cyclic  AMP  did  not  result  in  a  further 
increase  in  glucose  production  as  com- 
pared to  the  flasks  containing  either  iono- 
phore or  cyclic  AMP  alone.  These  experi- 
ments would  suggest  that  the  effects  of 
ionophore  and  cyclic  AMP  on  glucose  pro- 
duction are  not  additive. 

Pentobarbital,  a  widely  used  inhibitor 
of  calcium  transport,  completely  abolished 
the  increase  in  glucose  production  ob- 
served with  ionophore  A23187  at  external 
calcium  concentrations  of  0.1  mAf.  Prein- 
cubation with  10~*  Af  pentobarbital  for  20 
min  was  required  to  observe  this  effect. 
The  results  of  these  experiments  are 
shown  in  Table  VII. 


TABLE  IV. 


Effect  of  Ionophore  A23187  on  Glucose  Production  by  Isolated  Rat  Renal  Cortical 

Tubules." 


Substrate 

No.  of  ex- 
periments 

No  substrate 

Substrate  and  DMSO 

Substrate  and  ionophore 

cr-Ketoglutarate 

Glutamine 

Succinate 

Lactate 

Glycerol 

7 
5 
4 
4 
4 

30.3  ±  1.8 

35.6  ±4.2 
39.3  ±  3.6 
36.9  ±  3.2 

26.7  ±  2.4 

113.3  ±  10.9 
93.9  ±    9.6 
94.9  ±  17.8 

87.1  ±    2.9 

61.2  ±    7.6 

130.0  ±  12.6* 

110.7  ±  10.1* 

116.4  ±  21.9* 

95.0  ±    2.3* 

57.9  ±    7.2 

"  Values  are  means  ±  SE.  External  Ca*"^  concentration,  0.1  mAf.  Substrates  used  at  10  mAf  concentration. 
•  Values  significantly  different  (P  <  0.05)  from  those  obtained  with  substrate  +  DMSO. 
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TABLE  V.  Effect  of  Ionophore  A23187  and  Parathyroid  Hormone  on  Cyclic  AMP  Production  by 

Rat  Renal  Cortical  Tubules. 

Cyclic  AMP  (pmoles/mg  of  protein/20  min) 


No  external  Ca«*  (0.1 

1 .0  mAf  External  Ca** 

0.1  mAf  External  Ca«* 

mAf  EGTA) 

Control 

12.4  ±  1.8« 

9.9  ±    1.9 

15.1  ±    0.6 

10*  DMSO  diluent 

11.4  ±0.7 

9.1  ±    2.7 

16.7  ±    0.3 

10"' A/  Ionophore 

10.7  ±  1.2 

9.5  ±    3.3 

16.1  ±    0.5 

Parathyroid  hormone,  1  unit/ml 

47.5  ±  4.1 

44.7  ±  10.8 

68.1  ±  11.0 

10-»  DMSO  diluent 

12.6  ±  0.9 

8.9  ±    2.5 

17.2  ±     1.0 

10~*  M  Ionophore 

10.0  ±  0.3 

8.9  ±    2.4 

14.2  ±    2.0 

Values  are  the  means  ±  SE  of  four  experiments. 


TABLE  VI.  Effects  of  Ionophore  A23187  and 

Cyclic  AMP  on  Glucose  Production  by  Isolated 

Rat  Renal  Cortical  Tubules." 

Glucose  production 
(nmoles/mg  of  pro- 
tein/60 min) 

No  substrate  21.6  ±  1.3 

a-Kg  +  10-*  DMSO  109.4  ±  7.4 

a- Kg  +  10-«  A/  ionophore  134.4  ±  8.1* 

a-Kg  +  5  X  10-"  M  cyclic  AMP  147.7  ±  6.5* 

a-Kg  +  10-«  A/  ionophore  +  5  x  134.4  ±  4.7 
10-"  A/  cyclic  AMP 

"  Values  are  the  means  ±  SE  of  four  experiments. 
External  Ca^*^  concentration  was  0.1  mA/. 

•  Values  significantly  different  (P  <  0.01)  as  com- 
pared to  those  obtained  with  a-Kg  +  DMSO. 

Discussion.  The  results  of  the  present 
experiments  demonstrate  that  the  diva- 
lent cation  ionophore  A23187  increases 
glucose  production  from  a  variety  of  sub- 
strates in  isolated  renal  cortical  tubules. 
The  effects  of  ionophore  on  gluconeogene- 
sis  were  present  at  low  levels  of  extracel- 
lular calcium  (0.1  mAf).  In  the  absence  of 
external  calcium  or  at  concentrations  of 
extracellular  calcium  in  excess  of  1.0  mM, 
the  ionophore  did  not  stimulate  renal  glu- 
coneogenesis.  The  critical  role  of  calcium 
in  the  control  of  renal  gluconeogenesis  has 
been  documented  previously  (10,  15,  18). 
In  the  absence  of  extracellular  calcium, 
glucose  production  is  not  increased  by  a 
variety  of  stimuli  capable  of  increasing 
gluconeogenesis  when  Ca^"*"  is  present.  On 
the  other  hand,  cyclic  AMP  levels  have 
been  shown  to  increase  in  response  to 
several  agents  even  when  calcium  is  omit- 
ted from  the  incubation  medium  (15,  18). 

The  lack  of  stimulation  of  gluconeogen- 
esis by  the  ionophore  at  extracellular  cal- 
cium concentrations  of  1.0  mA/  might  be 


TABLE  VII.  Effect  of  10"*  M  Pentobauftal  on 

Ionophore-Stimulated  Glucose  Production  by 

Renal  Cortical  Tubules. 


Glucose 

production  (nmoles/mg  of  pro- 
tein/30 min) 

a-Kg 

a-Kg  + 
cr-Kg  +                    ionophore 
pentobar-   o-Kb  +    +  pento- 
bital     ionophore  barbital 

Experiment  1 
Experiment  2 
Experiment  3 
Experiment  4 

Mean  ± 

SEM 

24.6 
34.4 
30.2 
23.7 
28.2 
±2.5 

23.9          33.7 
32.3          40.4 
28.9          44.4 
30.0          56.4 
28.8          43.7 
±1.8         ±4.8 

22.8 
31.6 
33.3 

27.2 
28.7 
±2.4 

due  to  the  development  of  high  cytosolic 
calcium  concentrations.  The  fact  that  high 
concentrations  of  ionophore  (10"*  Af), 
rather  than  stimulating,  inhibited  gluco- 
neogenesis also  suggests  that  at  these  con- 
centrations the  ionophore  may  markedly 
increase  cytosolic  Ca*"*^  even  when  the  ex- 
ternal Ca^^  concentration  was  0.1  mAf. 

The  ionophore  A23187  increased  glucose 
production  from  cv-ketoglutarate,  gluta- 
mine,  succinate,  and  lactate,  but  not  from 
glycerol,  suggesting  that  the  ionophore 
may  modulate  (via  changes  in  cytoplasmic 
calcium)  the  activity  of  the  key  gluconeo- 
genic enzyme,  phosphoenolpynivate  car- 
boxykinase.  Previous  studies  by  Roobol 
and  Alleyne  (27)  have  demonstrated  this 
enzyme  to  be  sensitive  to  changes  in  cal- 
cium concentration. 

The  increase  in  glucose  production  from 
cK-ketoglutarate  produced  by  the  ionophore 
at  external  Ca^^  concentrations  of  0.1  mAf 
was  completely  abolished  by  pretreatment 
of  the  renal  cortical  tubules  with  10~*  Af 
pentobarbital.  Pentobarbital  has  been 
shown    to    inhibit    Ca^"*^    transport    across 
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certain  biological  membranes  (28).  Thus, 
as  calcium  transport  across  the  cell  mem- 
brane into  the  cytosolic  compartment  was 
blocked,  increases  in  glucose  production 
did  not  occur  using  the  ionophore,  indicat- 
ing that  the  ionophore  most  likely  stimu- 
lated glucose  production  by  altering  cyto- 
solic calcium  concentrations. 

Ionophore  A23187  did  not  increase  cyclic 
AMP  levels  in  renal  cortical  tubules  or 
slices  at  various  calcium  concentrations. 
The  presence  or  absence  of  theophylline 
in  the  incubation  medium  did  not  alter 
this  lack  of  effect.  Glucose  production  was 
thus  stimulated  by  the  ionophore  without 
an  increase  in  cyclic  AMP  levels.  Parathy- 
roid hormone  (4),  prostaglandin  Ei  (18), 
and  catecholamines  (29,  30)  increase  cyclic 
AMP  levels  and  gluconeogenesis.  In  the 
case  of  both  parathyroid  hormone  and 
prostaglandins,  removal  of  external  Ca^"^ 
blocks  the  increased  gluconeogenesis  pro- 
duced by  these  compounds  without  affect- 
ing cyclic  AMP  production.  The  ionophore 
in  the  insect  salivary  gland  does  not  stim- 
ulate cyclic  AMP  levels  (20),  but  in  both 
the  pancreatic  islet  cells  (23)  and  in  bone 
culture  cells  (31)  it  has  been  shown  to 
cause  an  increase  in  cyclic  AMP  levels. 

In  the  present  studies,  glucose  produc- 
tion was  stimulated  by  ionophore  in  the 
absence  of  an  increase  in  cyclic  AMP  by  a 
mechanism  felt  to  be  related  to  changes  in 
cytosolic  calcium  concentrations.  No  addi- 
tive effects  on  gluconeogenesis  were  ob- 
served when  ionophore  and  exogenous 
cyclic  AMP  were  added  together  (Table 
VI).  At  low  levels  of  extracellular  calcium, 
the  ionophore  stimulated  glucose  produc- 
tion presumably  by  increasing  cytosolic 
calcium  concentrations.  This  action  was 
blocked  by  pretreatment  with  pentobarbi- 
tal. At  higher  extracellular  calcium  con- 
centrations, the  ionophore  did  not  stimu- 
late gluconeogenesis,  suggesting  that 
there  is  an  optimal  concentration  of  cyto- 
solic Ca^"^  for  gluconeogenesis  and  high 
Ca^"*^  concentration  may  be  inhibitory  of 
this  process.  Mechanisms  designed  to 
maintain  cytosolic  Ca^"*^  concentrations 
within  narrow  limits  seem  to  be  critical  in 
the  control  of  renal  gluconeogenesis. 

Summary.    The    divalent    cation    iono- 


phore A23187  was  found  to  increase  glu- 
cose production  from  cv-ketoglutarate,  glu- 
tamine,  succinate,  and  lactate,  but  not 
from  glycerol  in  isolated  rat  renal  cortical 
tubules  at  external  Ca^"*^  concentrations  of 
0.1  mAf .  At  an  external  Ca^^  concentration 
of  1.0  mAf  or  in  the  absence  of  external 
Ca^"*^,  the  ionophore  did  not  increase  glu- 
cose production  from  a-ketoglutarate.  Ion- 
ophore A23187  did  not  increase  cyclic  AMP 
levels  in  renal  cortical  tubules.  The  in- 
crease in  glucose  production  produced  by 
ionophore  A23187  was  completely  pre- 
vented by  preincubation  of  the  tubules 
with  10~*  M  pentobarbital,  a  known  inhib- 
itor of  calcium  transport  in  biological  sys- 
tems. The  experiments  suggest  that  iono- 
phore A23187  increases  gluconeogenesis 
from  a  variety  of  substrates  by  altering 
the  levels  of  cytosolic  calcium  without  af- 
fecting the  concentrations  of  cyclic  AMP. 
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duction.     The    invasiveness    occur- 

implantation  sites  in  rodent  uteri 
s  that  lytic  mechanisms  may  be 
d  in  implantation.  Support  for  the 
ation  of  proteinases,  in  particular, 
early  embryonic  development  and 
ation  is  based  on  the  following 
itions:  (a)  Maximum  uterine  fluid 
y^tic  activity,  which  is  believed  to 
e     blastocyst     attachment     to     the 

coincides  with  the  initiation  of 
ation  (1);  (b)  trophoblasts  seques- 
3)  and  digest  (4)  particulate  cellular 
1  during  the  invasive  phases  of 
ation;  (c)  proteolytic  activities 
may  be  involved  in  cellular  diges- 
id/or  cell  surface  transformation  of 
/sts  have  been  detected  (5-7),  and 
3teinase  inhibitors  administered  in 
mpair  implantation  (8).  The  results 
isurements    of   proteinase    inhibitor 

in  uteri  during  early  gestation 
secies  differences  (9,  10).  To  estab- 
lationships  between  proteinase  ac- 
issociated  with  implanting  embryos 
erine  proteinase  inhibitor  activity, 
ements  of  the  respective  biochemi- 
ivities  must  be  made  on  a  single 
.  The  investigations  in  this  report, 
re,  pertain  to  quantification  of  tryp- 

inhibitor  activity  (TLI)  in  mouse 
luring  early  gestation  and  delayed 
ation. 

rials  and  methods.  Synchroniza- 
^  ovulation  and  delayed  implanta- 
rhe  ovulation  of  virgin,  female, 
Vebster  mice  of  approximately  8 
3f  age  was  synchronized  by  injection 
J  of  FSH  (Equinex;  Ayherst  Labs., 
.Y.)  followed  by  5  lU  of  chorionic 
tropin  (Ayherst  Labs.,  Inc.,  N.Y.) 
following  the  latter  injection,  mice 
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were  mated  and  checked  for  copulation 
plugs  the  following  morning,  designated 
Day  1  of  pregnancy.  Control  animals  were 
treated  with  the  same  hormonal  regimen, 
but  not  mated.  Delayed  implantation  in 
some  pregnant  mice  was  induced  by  ovar- 
iectomy performed  on  the  morning  of  Day 
4  of  pregnancy.  These  animals  were 
treated  with  1  mg  of  progesterone  daily 
(12). 

Preparation  of  uterine  homogenates. 
After  sacrificing  mice  by  cervical  disloca- 
tion, uteri  were  excised  and  placed  into 
cold  (4^)  physiological  saline  until  each 
experimental  group  was  collected.  All  pro- 
cedures during  the  preparation  of  the  re- 
spective extracts  were  performed  at  4**. 
Uteri  were  trimmed  free  of  blood  vessels 
and  connective  tissue,  flushed  with  cold 
physiological  saline  to  remove  uterine 
fluid  and  unattached  embryos,  then 
weighed  after  blotting  excess  fluid.  In 
cases  where  implantation  had  occurred 
(i.e..  Day  6,  8,  or  12  of  pregnancy),  the 
embryos  were  either  left  attached  or 
gently  removed  from  the  uterine  wall  with 
forceps.  The  weighed  uteri  were  minced 
well  with  scissors  prior  to  homogenization 
(1  g  wet  weight/2  ml  of  0.25  M  sucrose  in 
0.05  Af  Tris-HCl  buffer,  pH  7.5)  in  a  Pot- 
ter-Elvehjem  homogenizer,  approximately 
10  passes.  The  homogenate  was  centri- 
fuged  at  27,00Qg  for  30  min.  No  inhibitor 
activity  was  found  in  the  pellet  before  or 
after  solubilization  with  various  concen- 
trations of  Triton  X-100.  The  supernatant 
solution  (27,000g)  contained  inhibitor  ac- 
tivity which  did  not  sediment  at  100,00Qg 
after  1  hr. 

Fluorometric  assay.  Analysis  of  TLI  ac- 
tivity in  the  uterine  extracts  was  per- 
formed at  37**  with  a  modified  fluorometric 
kinetic  assay  (13).  Each  assay  mixture 
contained:  0.20  ml  of  0.0116  M  BANA 
(Benzoyl- DL-arginine-j3-naphthylamide, 
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Schwarz/Mann,  Orangeburg,  N.Y.)  dis- 
solved in  methyl  cellosolve;  0.05  ml  of  a 
trypsin  solution  (sp  act  =  12,000  BAEE 
units/mg;  Sigma  Chemical  Co.,  St.  Louis, 
Mo.)  containing  0.10  mg  of  trypsin/ml  of 
0.10  Af  phosphate-citrate  buffer,  pH  7.5 
(assay  buffer);  aliquots  of  a  1:10  dilution 
of  the  27,000g  supernatant  solution  diluted 
with  assay  buffer;  and  sufficient  assay 
buffer  to  adjust  the  final  volume  to  5.0  ml. 
The  inhibitor  was  incubated  with  the  en- 
zyme at  37°  for  approximately  8  min  before 
triggering  the  reaction  with  substrate.  Hy- 
drolysis of  BANA  was  monitored  with  a 
Turner  fluorometer,  Model  111,  equipped 
with  thermospacers  and  attached  to  a  re- 
corder. A  7-60  primary  filter  and  50%  in- 
terference filter  were  used  in  conjunction 
with  a  2 A- 12  secondary  filter. 

A  standard  curve  relating  fluorescence 
measurements  to  /3-naphthylamine  con- 
centration was  used  to  determine  the 
amount  of  BANA  hydrolyzed.  Pure  /3- 
naphthylamine,  a  white  powder  with  a 
melting  point  of  110°,  was  obtained  after 
numerous  recrystallizations  from  water. 
One  unit  of  inhibitor  activity  was  defined 
as  the  amount  of  inhibitor  required  to 
inhibit  the  hydrolysis  of  1  nmole  of  BANA/ 
min.  To  obtain  specific  activities  (units  of 
inhibitor  per  milligram  of  protein),  protein 
determinations  were  completed  according 
to  Lowry  e/fl/.  (14). 

Identical  assays,  but  without  trypsin, 
obviated  possible  interference  by  endoge- 
nous peptidases  in  the  uterine  extracts. 
Moreover,  inhibition  of  trypsin  by  large 
amounts  of  albumin,  as  500  fig  (Fraction 
V,  Sigma  Chemical  Co.,  St.  Louis,  Mo.), 
were  considered  and  found  to  have  no 
effect.  Blood  plasma  was  also  analyzed  for 
TLI  activity  to  determine  the  extent  to 
which  possible  blood  contamination  of  ho- 
mogenates  might  contribute  to  total  inhib- 
itor activity.  The  amount  of  contamination 
was  ascertained  by  determining  the 
amount  of  hemoglobin  in  homogenates 
compared  to  whole  blood  by  the  cyanomet- 
hemoglobin  method  (15)  (Hycell,  Inc., 
Houston,  Tex.). 

Results.  Quantitative  measurements  of 
inhibitor  activity.  The  specific  activity  of 
TLI  in  uterine  extracts  prepared  at  specific 


times  of  gestation  is  shown  in  Figs.  1  and 
2.  The  histograms  are  based  on  the  mean 
value  for  each  group.  Each  individual  ex- 
periment represented  an  analysis  of  an 
extract  prepared  from  5  to  10  uteri.  Inhib- 
itor activity  due  to  blood  contamination 
was  found  to  be  less  than  2.6%  of  the  total 
activity. 

The  elevated  specific  activity  of  TLI  in 
uterine  extracts  prepared  on  Day  6  of 
pregnancy  is  different  (P  <  0.05)  from 
values  found  for  hormone-treated  controls, 
Days  4  and  12  of  normal  pregnancy  (Fig. 
1),  or  Days  6  and  8  during  implantation 
delay  (Fig.  2).  The  data  were  analyzed  by 
multiple  comparison  of  means  (16).  More- 
over, a  P  value  of  0.055  was  obtained  when 
the  specific  activity  of  TLI  of  Day  6  preg- 
nant uteri  (Fig.  1)  was  compared  to  that  of 
nontreated  controls  (Figs.  1  and  2)  or  Day  5 
of  implantation  delay  (Fig.  2). 

One  must  consider  the  fact  that  embryos 
remaining  in  situ  in  uteri  used  to  prepare 
uterine  extracts  on  Day  6  of  pregnancy 
(Fig.  1)  might  themselves  contribute  sig- 
nificantly to  the  observed  increase  in  in- 
hibitor activity  relative  to  control  samples. 
This  is  believed  not  to  be  the  case  for  the 
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Fig.  1.  Specific  activities  of  tryptiolike  inhibitor 
in  uterine  extracts  prepared  from  nonpregnant  or 
pregnant  uteri.  The  control  mice  were  either  treated 
hormonally  (T)  to  achieve  cycle  synchronization  or 
not  treated  (NT).  Numbers  at  the  base  of  the  histo- 
grams denote  the  number  of  independent  experi- 
ments. The  perpendicular  lines  at  the  top  of  each 
histogram  indicate  the  95%  confidence  limits.  An 
asterisk  beside  the  number  indicating  day  of  preg- 
nancy denotes  the  fact  that  the  embryos  were  not 
removed  from  these  uteri. 
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2.  Specific  activities  of  tryptic-like  inhibitor 
rine  extracts  prepared  from  nonpregnant  or 
J  implantation,  pregnant  uteri.  The  control 
s  were  either  treated  hormonally  (T)  to 
;  cycle  synchronization  or  not  treated  (NT), 
trs  at  the  base  of  histograms  denote  the 
r  of  independent  experiments.  The  pcrpendic- 
les  at  the  top  of  each  histogram  indicate  the 
incidence  limits. 

ang  reasons.  First,  the  embryos  rep- 
t  only  a  very  small  fraction  of  the 
mass  of  the  Day  6  pregnant  uterus 
9).  Second,  one  can  estimate  that 
ximately  10%  of  the  total  embryonic 
n  which  could  be  present  in  a  Day  6 
e  extract  must  be  in  the  form  of  an 
tor,  such  as  soybean  trypsin  inhibi- 
5BTI),  to  account  for  the  increase, 
calculation  is  based  on  the  following: 
e  efficacy  of  a  purified  preparation  of 
in  the  assay  described  in  this  report; 
lie  average  number  of  embryos  per 
;  (19);  and  an  assumption  that  there 
00-fold  increase  in  embryonic  protein 
J  development  between  Days  5  and  6 
^gnancy  (17,  18).  The  calculated  level 
ithesis  for  a  specific  protein  (approxi- 
y  10%  in  this  case)  is  not  usual, 
igh  exceptions  in  specialized  tissues 
e  found  (20-22).  Finally,  attempts  in 
aboratory  to  identify  an  isoinhibitor 
ssible  embryonic  origin  and  different 
jctrophoretic  mobility  from  those  in 
I  or  extracts  of  control  uteri  were  not 
»ful.  Consequently,  the  increased 
tor  activity  appears  to  be  the  result 


of  modulation  of  TLI  levels  by  the  uterus 
and/or  transduction  of  serum  proteins, 
among  which  are  proteinase  inhibitors, 
into  uterine  tissue.  Reasons  for  serious 
consideration  of  the  latter  possibility  are 
described  below. 

Effects  of  pH  and  temperature  on  inhib- 
itor activity.  Although  acidification  of 
uterine  extracts  to  pH  values  of  6.0  or  5.0 
prior  to  analysis  did  not  result  in  loss  of 
inhibitor  activity,  dropping  the  pH  value 
to  3.9  led  to  complete  loss  of  activity. 
Alternatively,  a  basic  milieu  (pH  8.5  or 
10.5)  had  no  effect  on  stability.  Complete 
inactivation  of  inhibitor  activity  also  re- 
sulted after  heating  extracts  for  5  min  at 
60**.  These  results  contrast  with  those  ob- 
tained by  Blackwood  et  al.  (9)  for  rat 
uterine  trypsin-like  inhibitors,  but  corre- 
spond to  the  reported  characteristics  of 
serum  (23-25)  and  oviductal  fluid  (26)  tryp- 
sin-like inhibitors  in  terms  of  both  pH  and 
temperature  labilities. 

Discussion,  On  the  basis  of  studies  with 
a  macromolecular  dye  and  ^^I-labeled  pro- 
tein, Psychoyos  (27)  has  suggested  that 
the  estrogen  surge  (28,  29)  which  occurs  in 
rodents  at  implantation  causes  transuda- 
tion of  serum  proteins  into  uterine  tissue. 
Contributing  to  this  effect  may  be  estrogen 
from  blastocysts  (30).  The  presence  of  se- 
rum-like proteinase  inhibitors  in  the  re- 
productive tract  has  been  reported  in  the 
case  of  oviductal  fluid  of  both  rabbits  (26) 
and  monkeys  (31). 

The  following  observations  in  this  study 
appear  to  be  in  accord  with  the  possibility 
of  transudation  and  the  presence  of  serum- 
like TLI  activity  in  the  extracts:  (a)  The 
time  profile  (Fig.  1)  indicates  maximum 
activity  just  subsequent  to  the  estrogen 
surge  (28,  29);  (b)  the  temperature  and 
acid  pH  lability  of  the  inhibitor  prepara- 
tions is  similar  to  the  TLI  activity  in 
serum  (23-25);  and  finally  (c)  the  specific 
activities  of  TLI  are  similar  in  nonpreg- 
nant (control)  and  delayed  implantation 
uteri.  One  cannot  discount,  however,  the 
possibility  that  elevated  inhibitor  activity 
on  Day  6  may  be  related,  in  part,  to  an 
inflammatory-like  response  of  the  uterus 
during  the  invasive  stages  of  implanta- 
tion. 
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Several  physiological  functions  can  be 
proposed  for  the  TLI  activity  in  the  uterine 
extracts,  (i)  It  may  be  necessary  to  balance 
proteinase  and  proteinase  inhibitor  activi- 
ties of  both  embryo  and  uterine  environ- 
ment for  implantation  to  occur.  This  is 
indicated  by  the  fact  that  exogenous  pro- 
teinase inhibitors  administered  in  utero 
impair  implantation  (6),  while  addition  of 
trypsin  to  mouse  blastocyst  cultures  initi- 
ates further  development  in  vitro  (32).  (ii) 
The  uterine  inhibitors  may  modulate  the 
activity  of  trypsin-like  proteinases  of  the 
blastocyst  (6,  7)  or  uterine  fluid  (1).  (iii) 
The  inhibitors  may  control  or  restrict  the 
activity  of  proteinases  liberated  by  leuko- 
cytes which  are  found  at  implantation 
sites  (33);  without  modulation  of  proteo- 
lytic activity,  digestion  of  tissue  beyond 
areas  of  implantation  might  also  occur. 
Finally  (iv)  the  inhibitors,  like  a,-anti- 
trypsin  and  ar macroglobulin,  may  act  as 
antifibrinolytic  agents  (25,  34,  35)  and  pre- 
vent blood  clotting  in  the  capillary  pene- 
trated by  the  embryo  during  implantation. 

Summary,  Specific  activities  of  tryptic- 
like  inhibitors  (TLI)  in  27,000!g  superna- 
tant solutions  of  mouse  uterine  homoge- 
nates  were  determined  for  the  following 
conditions:  nonpregnant,  pregnant,  and 
delayed  implantation.  Quantification  of 
inhibitors  was  achieved  by  a  fluorometric 
kinetic  assay.  Inhibitor  levels  in  uteri 
from  Day  4  pregnant  and  from  delayed 
implantation  mice  were  the  same  as  non- 
pregnant uterine  control  values.  A  signifi- 
cant increase  in  inhibitor  activity  {P  = 
0.05)  was  found  in  uteri  from  Day  6  preg- 
nant mice.  This  increased  activity  re- 
turned to  control  levels  by  Day  12  of  preg- 
nancy. Possible  functions  of  TLI  in  regu- 
lating proteolytic  activity  associated  with 
early  development  and  implantation  are 
discussed. 

These  studies  were  supported  in  part  by  Research 
Grant  HD-06234  from  NICHD. 
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Introduction.  The  clinical  hallmark  of 
human  diabetes  mellitus  is  hypergly- 
cemia. Hyperglycemia  is  a  distinctive 
characteristic  of  the  American  ancle.  An- 
olis  carolinensis  (1).  An  attenuated  insu- 
lin secretory  response  to  glucose  is  ob- 
served in  the  anole  (2,  3),  unborn  mam- 
mals including  man  (4-7),  and  prediabet- 
ics  and  diabetics  (8-10).  Recently  we  pre- 
sented evidence  that  the  anole  has  fasting 
hyperglucagonemia  relative  to  the  prevail- 
ing level  of  blood  glucose  (11).  The  signifi- 
cance of  glucagon  in  human  diabetes  is 
not  established.  Results  which  suggest 
that  glucagon  may  be  important  in  the 
mediation  of  diabetic  hyperglycemia  and 
the  clinical  course  of  the  disease  have  been 
reported  (12-14).  Some  morphological  evi- 
dence has  demonstrated  a  relative  or  ab- 
solute increase  in  the  number  of  a  cells  in 
juvenile  diabetes  (15,  16).  Approximately 
50%  of  the  endocrine  cells  in  the  anolian 
pancrease  are  a  cells  (1).  Pancreatectomy 
in  the  a  cell-rich  lizards  results  in  a  rapid 
onset  of  hypoglycemia  which  persists  for 
several  days  (17,  18).  The  present  investi- 
gation was  initiated  in  order  to  better 
characterize  a  cell  regulation  in  this  spe- 
cies. 

Materials  and  methods.  Experimental 
procedures.  Two  days  prior  to  sacrifice, 
adult  anoles  were  placed  in  an  environ- 
mental chamber  with  14  hr  of  light  alter- 
nating with  10  hr  of  darkness.  The  temper- 
ature was  33''  during  the  light  cycle  and 
23**  during  the  dark  cycle.  The  splenic 
portion  of  the  pancreas  was  removed  from 
decapitated  lizards.  Each  splenic  pancreas 
was  placed  in  Hanks*  buffer,  pH  7.3,  and 
freed  of  extraneous  tissue.  The  splenic 
pancreata  were  initially  incubated  for  30 
min  at  33  ±  0.5**  in  disposable  cups  for 
automatic  analysis  (W.  Sarstedt,  Inc., 
Princeton,  N.J.)  in  0.3  ml  of  incubation 


medium.  The  basic  incubation  m 
was  a  Krebs-Ringer-bicarbonate  s( 
containing  2.25  mg/ml  of  D-glucosc 
tional  Bureau  of  Standards,  Washi 
D.C.),  0.5%  (w/v)  plasma  albumin 
rv,  Sigma  Chemical  Co.,  St.  Louis, 
500  klU  of  aprotinin/0.3  ml  (Sigma 
ical  Co.),  and,  in  milliequivalents  pe 
Na,  141.5;  chloride,  129.9;  Ca,  5.8; 
bonate,  20.0;  phosphate,  5.0;  K,  5. 
Mg,  2.24. 

The  cups,  each  containing  two  : 
pancreata,  were   placed  in  glass  sc 
tion  vials  and  capped  with  serum 
stoppers.  The  vials  were  placed  in  a 
rocating  shaker  bath  (100  strokes/n 
cm    amplitude)    and    continuously 
with  a  humidified  mixture  of  95%  ( 
CO2  to  maintain  pH   7.3-7.4.   Aft 
equilibration  period  the  medium  >^ 
moved  by  aspiration  and  0.3   ml 
basic  buffer  was  added  (basal  incub 
After  30  min,  the  medium  was  as] 
off  and  medium   containing  variou 
centrations    of    D-glucose    and,    in 
cases,    arginine    (L-Arg   HCl)    was 
(experimental  incubation).  Incubatic 
continued  for  60  min.  The  mediui 
aspirated  off  and  the  pancreata  were  1 
and  weighed.  For  dynamic  studies  8 
splenic   pancreata  were   perifused 
scribed  previously  (2). 

Radioimmunoassay  of  glucagon, 
ditions  and  characteristics  of  the  gli 
radioimmunoassay  have  been  de! 
previously  (11).  Glucagon  levels  wc 
termined  with  incubation  medium 
appropriate  dilutions  (1:20  to  1:20( 
samples  were  assayed  in  duplicate 
dilutions  which  resulted  in  less  thai 
displacement  of  tracer  hormone.  St 
curves  were  generated  from  medi 
corresponding  dilutions.  The  porcir 
cagon   standard   was   generously   pi 
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by  Dr.  Mary  Root  of  the  Eli  Lilly  Research 
Laboratories.  The  radiolabeled  hormone, 
['^IJglucagon,  was  diluted  with  assay 
buffer  to  yield  a  standard  curve  of  suitable 
displacement  (New  England  Nuclear, 
Cambridge,  Mass.,  or  Cambridge  Nuclear, 
Billerica,  Mass.).  Glucagon  antisera  were 
kindly  provided  by  Drs.  Anthony  S.  Pag- 
liara  and  Howard  S.  Tager.  The  character- 
istics of  Dr.  Tager's  antisera  have  been 
described  (19). 

Results.  The  mean  glucagon  release 
during  the  basal  incubation  (2.25  mg/ml 
of  glucose)  for  all  experiments  was  31.6  ± 
5.1  pg/mg  of  splenic  pancreas/min  {N  = 
37).  The  range  of  secretion  for  all  basal 
incubations  was  2.1  to  141.5  pg/mg/min. 
Glucagon  release  during  the  basal  incuba- 
tion was  not  significantly  different  from 
the  release  with  the  same  concentration 
of  glucose  during  the  experimental  incu- 
bation of  60  min  (P  >  0.05  by  unpaired  / 
test).  This  result  was  observed  in  spite  of 
the  more  narrow  range  of  values  for  glu- 
cagon secretion  during  the  experimental 
period  (2.3  to  47.6  pg/mg/min). 

A  56%  decrease  in  the  concentration  of 
glucose  (1.0  mg/ml)  failed  to  evoke  a  sig- 
nificant change  in  the  rate  of  glucagon 
release  (Table  I).  The  addition  of  arginine 
(10  mAf)  at  the  same  concentration  of 
glucose  did  not  significantly  alter  the  rate 
of  release.  A  significant  increase  in  gluca- 
gon release  did  occur  when  the  glucose 
concentration  was  decreased  to  0.5  mg/ml 
(Table  I).  In  the  presence  of  arginine, 
glucagon  release  was  not  significantly  dif- 
ferent from  that  obtained  in  its  absence 
(P  >  0.4  by  unpaired  /  test). 

The  kinetics  of  glucagon  secretion  when 


splenic  pancreata  were  perifused  with  the 
combination  of  0.5  mg/ml  of  glucose  and 
arginine  (10  mM)  are  shown  in  Fig.  1.  A 
striking  increase  in  glucagon  release  oc- 
curred rapidly  after  changing  to  this  me- 
dium. Enhanced  release  developed  con- 
comitantly with  the  fall  in  glucose  concen- 
tration below  1.0  mg/ml.  The  peak  of  early 
release  occurred  between  4  and  8  min  after 
the  glucose  level  fell  below  1.0  mg/ml. 
The  mean  maximal  rate  of  secretion  dur- 
ing the  first  8  min  was  1.02  ±  0.17  ng/mg 
of  splenic  pancreas/min. 

A  high  concentration  of  glucose,  6  mg/ 
ml,  failed  to  significantly  decrease  gluca- 
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Fig.  1.  Pattern  of  glucagon  release  from  splenic 
pancreata  perifused  with  0.5  mg/ml  of  glucose  and 
10  mAf  arginine.  The  splenic  pancreata  were  ini- 
tially perifused  with  2.25  mg/ml  of  glucose  for  60 
min.  The  medium  was  changed  to  one  containing 
low  glucose  and  arginine,  and  perifusion  was  contin- 
ued for  another  60  min.  Time  0  is  2  min  after 
changing  to  the  new  medium.  Vertical  bars  repre- 
sent the  standard  errors  of  the  means.  The  number 
of  observations  was  three. 


TABLE    I.  Glucagon  Release  from  Anglian  Splenic  Pancreata  Incubated  wrrH  Various 

Concentrations  of  Glucose." 


Basal  incubation 

(2.25  mg/ml  of 

glucose) 


Experimental  conditions 


Glucose  (mg/ml) 


Glucagon  release 


Number  of  ob-      Statistical  analy- 
servations  sis 


32.0  ±  12.8 
27.3  ±  4.9 
29.2  ±  7.3 
36.0  ±  20.4 
20.2  ±  5.9 
43.0  ±  13.0 


2.25 

1.0 

1.0  +  lOmM  Arg 

0.5 

0.5  +  10  mM  Arg 

6.0 


32.2  ±8.3 

49.2  ±  7.0 

113.1  ±37.7 

217.9  ±  59.0 

299.3  ±  90.3 

15.4  ±3.7 


NS 

NS 

NS 
<0.005 
<0.02 

NS 


*  Results  are  expressed  as  picograms  of  porcine  glucagon  equivalents  per  milligram  of  splenic  pancreas 
per  minute  ±  SEM.  Glucagon  release  under  experimental  conditions  was  compared  with  release  during  the 
basal  incubation  by  means  of  the  paired  t  test.  A  P  value  less  than  0.05  was  considered  significant. 
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gon  secretion  (Table  I).  The  range  of 
release  was  5.1  to  28.0  pg/mg  of  splenic 
pancreas/min. 

Discussion.  This  study  has  shown  that 
glucagon  secretion  by  the  anolian  splenic 
pancreas  is  relatively  insensitive  to 
changes  in  the  concentration  of  glucose. 
Anolis  carolinensis  has  a  normal  fasting 
blood  glucose  level  of  about  2.2  mg/ml  (1, 
2,  20).  In  either  relative  or  absolute  terms, 
glucagon  release  in  response  to  a  low  con- 
centration of  glucose  is  attenuated  in  the 
anolian  a  cell.  Arginine  does  not  correct 
this  deficit.  The  anolian  a  cell  responds 
rapidly  when  the  level  of  glucose  is  se- 
verely depressed.  This  rapid  onset  of  glu- 
cagon secretion  is  similar  to  that  found  in 
either  perfused  rat  pancreas  (21)  or  peri- 
fused  isolated  rat  islets  (22). 

Studies  with  other  experimental  ani- 
mals have  shown  that  metabolic  sub- 
strates other  than  glucose  may  have  sig- 
nificant physiologic  regulatory  roles  in  is- 
let cell  function  (23-25).  The  absence  of  a 
significant  effect  of  arginine  on  glucagon 
release  by  the  anole  is  in  marked  contrast 
to  mammals,  including  man,  where  nu- 
merous studies  have  shown  an  increase  in 
glucagon  secretion  in  response  to  arginine. 
Prior  studies  have  shown  that  glucose, 
arginine,  and  leucine  are  effective  stimuli 
of  insulin  release  from  the  anolian  p  cell 
(2,  3,  26).  However,  the  influence  of  other 
substrates  on  a  and  p  cell  function  is 
virtually  unknown  for  these  animals.  Sim- 
ilarly, there  is  a  paucity  of  information 
regarding  substrate  utilization  by  periph- 
eral tissues  in  lizards.  Nevertheless,  some 
studies  provide  suggestive  evidence  of  a 
major  role  for  lipid  metabolism  in  lizards 
(1,  27-30).  Therefore,  it  seems  realistic  to 
consider  the  possibility  that  lipids  and/or 
protein  may  have  a  preeminent  role  in 
saurian  homeostasis  and  that  metabolic 
substrates  other  than  glucose  may  have  a 
substantial  regulatory  role  in  islet  cell 
function  in  these  animals. 

Summary.  Glucagon  secretion  from 
splenic  pancreata  of  Anolis  carolinensis 
was  not  significantly  increased  by  a  56% 
decrease  in  the  concentration  of  glucose  (1 
mg/ml).  When  the  glucose  concentration 
was  reduced  to  0.5   mg/ml,   a  significant 


increase  in  glucagon  release  was  observed. 
Arginine  (10  mAf)  did  not  significantly 
alter  glucagon  secretion.  The  pattern  of 
glucagon  secretion  under  stimulatory  con- 
ditions shows  a  rapid  onset  and  long  dura- 
tion. A  concentration  of  glucose  of  6  mg/ 
ml  failed  to  significantly  decrease  gluca- 
gon release.  The  results  demonstrate  the 
utility  of  the  anolian  splenic  pancreas  for 
exploring  the  regulation  and  dynamics  of 
glucagon  secretion. 
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Introduction.  It  is  now  well  established 
that  androgenic  hormones  are  capable  of 
stimulating  erythropoiesis  in  both  experi- 
mental animals  (1-3)  and  patients  with 
various  types  of  anemias  (4,  5).  However, 
the  mechanisms  by  which  these  sub- 
stances influence  erythropoiesis  remain 
unclear.  It  has  been  reported  by  several 
investigators  that  the  erythropoietic  effect 
of  androgens  is,  in  part,  due  to  their  ability 
to  enhance  the  endogenous  production  of 
erythropoietin  (ESF)  (1.6-9).  In  other 
studies,  the  direct  addition  of  androgens  to 
in  vitro  marrow  cultures  has  led  to  aug- 
mented erythroid  differentiation.  Using 
an  in  vitro  methyl  cellulose  gel  system, 
testosterone  produced  a  significant  in- 
crease in  erythroid  colony  formation  in 
both  rabbit  (10,  11)  and  human  bone  mar- 
row cultures  (12).  In  addition,  in  this  sys- 
tem, a  synergistic  effect  of  a  combination 
of  testosterone  and  erythropoietin  on 
erythroid  colony  formation  was  seen.  This 
suggests  that,  in  the  presence  of  testoster- 
one, a  greater  number  of  erythropoietin- 
responsive  cells  (ERC)  is  available  for  ESF 
to  differentiate  into  the  nucleated  eryth- 
roid cell  line. 

Clinical  experience  with  androgens  in 
the  therapy  of  aplastic  anemia  and  of 
neutropenia  induced  by  cytotoxic  drugs 
suggests  that  these  hormones  may  also 
stimulate  granulopoiesis.  The  mecha- 
nisms by  which  androgens  affect  the  gran- 
ulocytic line  are  still  largely  unsettled. 
Rosenblum  and  Carbone  (13)  recently 
showed  that  in  vitro  addition  of  testoster- 
one to  cultures  of  human  marrow  in- 
creased the  number  of  granulocyte  colo- 
nies (CFU-C),  and  on  cytokinetic  grounds 
they  attributed  this  effect  to  a  direct  stim- 
ulation of  CFU-C  proliferation. 

In  addition  to  these  effects  on  more 
differentiated  hemopoietic  cells,  testoster- 
one may  also  have  an  effect  on  the  pluri- 


potential   stem    cell    compartment. 
(14,  IS)  found  increasing  sensitivity 
ripotential    stem    cells    or    spleen    ( 
forming  units  (CFU-S)  to  the  lethal 
of    high    specific    activity    tritiated 
dine    in    testosterone-treated    polycy 
mice.    CFU-S   of  normal   adult   mi 
generally   insensitive   to   the   cytocic 
tion  of  pH]thymidine.  Hence  the  ef 
testosterone  was  interpreted  as  eithc 
gering  CFU-S  from  resting  (Go)  staj 
cell  cycle,  or  shortening  the  cell  q 
CFU-S. 

The  present  study  was  undertal 
examine  the  granulopoietic  effect  of 
terone  in  mice,  using  an  in  vivo  di 
chamber  (DC)  culture  system.  Al 
in  vivo  studies  are  usually  complica 
neutrophil  egress  from  the  marrow 
tight  diffusion  chambers  allow  for 
sessment  of  total  granulocytic  diffe 
tion. 

To  investigate  the  possibility  of  a 
action  of  testosterone  on  the  morp 
cally  unrecognizable  progenitor  cell 
effect  on  stem  cell  populations  ws 
studied  in  intact  mice.  Both  pluripc 
spleen  colony-forming  cells  (CFU-J 
recognizable  granulocytic  and  erj 
cells  were  evaluated  and  compared 
suits  in  the  diffusion  chamber  studies. 

Materials  and  methods.  Femal< 
mice  (20-25  g),  10-14  weeks  of  age 
used  in  all  experiments. 

Lx)ng-acting  testosterone  ena 
(Tstr)  (Testoviron  Depot,  Shering  Cc 
injected  intramuscularly  as  an  en 
in  sesame  oil.  Both  intact  animal 
diffusion  chamber-carrying  mice  re 
a  single  injection  of  2.S  mg  of  long 
testosterone  on  Day  0.  Controls  fo 
intact  and  chamber-carrying  mice 
injected  with  the  same  volume  of  t 
hide,  sesame  oil. 

In  vivo  studies.  At  Days  0,  1,  3, 
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'eatment,  a  bone  marrow  cell  sus- 
i  was  obtained  from  the  tibia  of 
to  five  mice  by  flushing  out  the 
f  and  drawing  it  back  and  forth 
1  a  24-gauge  needle.  The  total  nu- 
cellularity  was  determined  by  a 
r  counter  Model  B.  Tibial  marrow 
It  least  three  mice  was  pooled  in 
Hank's  BSS  with  100  units  of  potas- 
micillin  G  and  100  /xg  of  streptomy- 
ate  per  milliliter. 

suspension  was  then  adjusted  to  5 
cells/ml  and  0.2  ml  was  injected  into 
ed  recipients  to  assess  the  number 
TOW  CFU-S  by  the  spleen  colony 
;i6).  Bone  marrow  smears  for  the 
niaJ  counts  were  made  from  the 
ateral  tibia. 

ision  chamber  studies.  The  diffu- 
lamber  (DC)  technique  as  described 
estad  (17)  was  used.  On  Day  0,  bone 
/  cells  were  suspended  in  Hank's 
^ntaining   10%   homologous  serum, 

of  potassium  penicillin  G,  and  100 

streptomycin  sulfate  per  milliliter, 
cells  were  counted  in  duplicate  in  a 
<tometer,  and  the  cell  suspension 
I  justed  with  medium  to  obtain  the 
x>ncentration.  Each  chamber  was 
nth  5  X  10*  cells/0.1  ml.  Two  cham- 
^ere  implanted  surgically  into  the 
eal  cavity  of  each  recipient  mouse 

light  ether  anesthesia.  Chambers 
emoved  1-7  days  after  implantation 
aken  in  a  0.5%  Pronase  and  5% 
solution  in  Hank's  BSS  for  75  min, 
slls  were  harvested  by  washing  the 
IT  interior  three  times  with  Hank's 
rhe  cell  concentration  per  DC  was 
ined  by  hemocytometer  count, 
were  prepared  with  a  Shandon  cy- 
ifuge  and  stained  with  May-Griin- 
fiemsa,  and  differential  counts  of  at 
X)  cells  were  made. 
.  were  classified  as  immature  prolif- 
erythroblasts  (proerythroblasts 
isophilic  erythroblasts),  mature  ery- 
sts  (polychromatophilic  and  or- 
»matic  erythroblasts),  proliferative 
Kryte  precursors  (myeloblasts,  pro- 
ytes,  and  myelocytes),  mature  non- 
ative  granulocytes  (metamyelo- 
and     granulocytes),     macrophages. 


lymphocytes,  and  other  cells  (megakaryo- 
cytes, unrecognizable,  and  nonhemo- 
poie tic  cells). 

The  number  of  CFXJ-S  per  DC  was  deter- 
mined as  follows.  Contents  from  six  to 
eight  DCs  were  pooled  and  1  x  10*  cells 
were  injected  into  groups  of  seven  to  nine 
mice  previously  given  950-R  total-body  ir- 
radiation with  an  X-ray  apparatus  under 
the  following  conditions:  200  kV,  20-mA 
filtration,  0.5  mm  Al  -I-  0.5  mm  Cu,  70 
rads/min  dose  rate.  Eight  days  after  trans- 
plantation the  animals  were  killed,  the 
spleens  fixed  in  Bouin's  solution,  and  the 
spleen  colonies  counted  indepently  by  two 
observers. 

Results.  Intact  mice.  No  differences 
were  found  between  the  bone  marrow  cell 
counts  of  the  testosterone-treated  mice  and 
the  sesame  oil  control-treated  mice.  Both 
control  and  testosterone-treated  animals 
had  total  cell  counts  per  tibia  ranging 
between  11.3  and  13.1  x  10*  on  the  first  to 
seventh  day  of  the  study. 

One  day  after  testosterone  treatment  a 
moderate  decrease  in  myeloid  cells  and  a 
significant  increase  in  erythroid  cells  were 
noted.  The  absolute  numbers  of  myeloid 
cells  were  reduced  from  4.8  x  10®  to  4.0  x 
10®  per  tibia  (P  <  0.01);  erythroblasts  rose 
from  3.2  x  10«  to  4.0  x  10«  cells  per  tibia 
(P  <  0.001).  Three  days  after  treatment 
the  total  erythroid  precursors  were  still 
above  the  control  values,  3.7  x  10®  as 
compared  to  2.6  x  10®  in  control  animals 
(P  <  0.01).  By  the  seventh  day,  erythroid 
cells  had  returned  to  control  values. 

The  changes  in  the  CFU-S  levels  of  the 
two  groups  are  shown  in  Fig.  1.  The  tibial 
marrow  CFU-S  content  increased  to  166% 
of  control  values  (P  <  0.05)  on  Day  3  after 
treatment  and  returned  to  normal  range 
by  the  seventh  day. 

Diffusion  chamber  studies.  Figure  2 
shows  the  total  number  of  nucleated  cells 
harvested  from  the  DCs.  In  the  chambers 
of  testosterone- treated  hosts,  the  growth 
pattern  of  bone  marrow  cells  showed  an 
increase  in  total  cell  number  as  compared 
to  the  controls.  After  3  days  of  culture  the 
total  cell  count  increased  from  3.7  x  10*  in 
controls  to  6.1  x  10*  in  testosterone-treated 
animals  (P  <  0.05).  Differential  counts  of 
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Fig.  1.  The  total  number  of  CFU-S  per  tibia  of 

Tstr-treated  CF,  mice  (2.5  mg  at  Day  0)  (O O) 

and  controls  (0.2  ml  of  sesame  oil)  (• •).  Values 

are  means  ±  1  SE  of  7-14  samples  from  four  separate 
experiments.  (•)  P  <  0.01 . 


— -i 


Fig.  2.  (a)  The  total  number  of  nucleated  cells 
harvested  from  the   DCs  in  Tstr-treated  CFi   host 

mice  (2.5  mg  at  Day  0)  (O O)  and  controls  (0.2 

ml  of  sesame  oil)  (• •).  (b)-(d)  Changes  with 

culture  time  of  cell  populations  harvested  from  DCs. 
Values  are  means  ±  1  SE  of  6-11  samples  from  three 
to  six  separate  experiments.  (*)  P  <  0.01;  (••)  P  < 
0.05. 


the  cultured  cells  showed  that  erythro- 
blasts  declined  soon  after  seeding;  no  dif- 
ference was  observed  between  control  and 
steroid-treated    animals.    From    the    third 


day  of  culture  onward,  no  nucleated  erytb- 
roid  cells  were  observed  in  the  DCs.  In 
DCs  of  testosterone-treated  hosts,  the 
number  of  proliferative  granulocytes  on 
Day  3  was  significantly  higher  (P  <  0.05) 
than  controls,  1.4  x  10*  and  0.46  x  10*, 
respectively.  A  parallel  increase  in  macro- 
phages was  observed  on  the  third  and 
seventh  days  of  culture  in  the  testosterone- 
treated  animals.  Lymphoid  cells  were 
present,  but  did  not  change  in  number 
throughout  the  culture  period.  Figures  2b, 
c,  and  d  illustrate  the  growth  curves  of 
the  major  classes  of  cells  present. 

Diffusion  chamber  CFU-S.  The  CFU-S 
content  of  DCs  implanted  in  testosterone 
and  control-treated  host  mice  is  shown  in 
Fig.  3.  Although  a  marked  decline  in  CFU- 
S  was  observed,  levels  of  colony-forming 
cells  in  testosterone-treated  hosts  were 
significantly  higher  than  in  control  ani- 
mals on  Days  1  and  3  of  culture.  No 
difference  was  observed  after  7  days  of 
culture. 

Discussion.  The  numbers  of  cells  har- 
vested from  1-,  3-,  and  7-day  diffusion 
cultures  showed  an  increased  cellularity 
in  testosterone-treated  hosts.  These 
changes  were  due  to  proliferation  of  both 
granulocytic  cells  and  macrophages.  In 
contrast,  the  tibial  marrow  cellularity  did 
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Fig.  3.  The  total  number  of  CFU-S  recovered  in 
DCs  implanted  in  Tstr-treated  host  mice  (2 .5  mg  at 

Day  0)  (O O)  and  controls  (0.2  ml  of  sesame  oil) 

(• •).  Values  are  means  ±  1  SE  of  10-23  DCs 
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ow  any  significant  difference  be- 
the  two  treatment  groups.  This  dis- 
y  observed  between  the  DC  and 
^  cellularity  can  be  explained  by 
rt  that  the  DC  system  allows  for 
ation  and  maturation  of  hemo- 
elements,  but  cellular  migration  is 
:ed(17). 
n  in  vivo  environment,  alterations 

marrow  granulocyte  reserve  pool 
anulocyte  migration  from  the  mar- 
mid  account  for  changes  in  total 
f  cellularity.  Although  no  increase 
I  cells  was  observed,  detailed  mar- 
[fferentials  showed  an  increase  in 
rcentage  of  erythroid  elements  3 
fter  treatment.  In  contrast,  the  DC 

showed    a    sequential    increase    in 

I    granulocytic    cells    and    macro- 

throughout  the  culture. 

results  of  in   vivo   CFXJ-S   studies 

hat  testosterone  causes  an  increase 

number  of  CFXJ-S  in  the  tibial 
r  3  days  after  injection.  In  the  DC 
,  injection  of  testosterone  increases 
mber  of  recoverable  CFXJ-S  after  1 
lays  of  culture.  Since  both  groups  of 
»  showed  a  marked  decline  in 
jr  CFXJ-S,  it  is  uncertain  whether 
served  increase  in  the  testosterone- 
1  mice  was  caused  by  an  enhanced 
ation  rate  or  decreased  cell  loss  at 
el  of  the  undifferentiated  compart- 
However,  these  data  are  in  close 
ent  with  those  of  Byron  and  Testa 
Jyron  (15),  and  Fisher  et  at.  (12), 
lowed  that  testosterone  has  a  rapid 
?  effect  which  triggers  CFXJ-S  into 
The  slower  CFXJ-S  growth  phase 
in  the  testosterone-treated  group 
le  third  day  of  DC  culture  (Fig.  3) 
e  related  to  CFXJ-S  differentiation 
mulocytic  cells. 

ies  have  shown  that  testosterone 
an  increase  in  plasma  erythropoi- 
tivity  (1,  7,  8).  Although  ESF  might 
he  CFXJ-S  by  causing  erythroid  dif- 
ition,  several  observations  suggest 
(stosterone  has  a  direct  effect  on 
Dietic  stem  cells.  Testosterone 
increased  proliferation  of  CFU-S  in 
hemic  animals  in  which  there  is  no 
ble  ESF.  Moreover,  the  stimulating 


effect  of  testosterone  on  marrow  erythroid 
progenitor  cells  is  not  blocked  by  the  si- 
multaneous administration  of  anti-ESF 
serum  (19). 

The  present  data  are  consistent  with 
the  view  that  testosterone  may  have  a 
direct  effect  on  certain  hemopoietic  stem 
cells.  In  the  DC  system  there  is  no  eryth- 
roid differentiation,  therefore  the  effect  of 
testosterone  on  the  CFU-S  would  not  ap- 
pear to  be  mediated  by  ESF.  Instead,  the 
enhanced  numbers  of  CFU-S  and  granulo- 
cytic cells  would  appear  to  be  due  to  a 
direct  effect  on  the  pluripotential  and 
granulocytic  stem  cell  compartments. 

Rosenblum  and  Carbone  (13)  recently 
found  increased  numbers  of  colonies  fol- 
lowing in  vitro  addition  of  testosterone  to 
cultures  of  human  marrow.  They  attrib- 
uted this  effect  to  a  direct  stimulation  of 
CFU-C  proliferation.  Our  findings  would 
be  compatible  with  such  a  mode  of  action 
and,  if  this  were  the  case,  the  observed 
granulopoietic  effect  of  testosterone  may 
have  been  due  to  its  action  on  either  the 
CFU-C  or  the  CFU-S  compartment. 

In  conclusion,  we  observed  an  absolute 
increase  in  CFU-S  both  in  bone  marrow 
and  in  diffusion  chambers  3  days  after 
injection  of  testosterone.  The  enhanced 
proliferation  of  the  uncommitted  progeni- 
tor cells  is  followed  by  increased  bone 
marrow  erythropoiesis  and  by  granulo- 
cytic macrophage  proliferation  in  the  DC 
system.  It  is  unclear  whether  testosterone 
acts  at  the  CFU-S  or  at  the  committed 
compartment  level,  and  further  work  is 
necessary  to  delineate  the  effect  of  this 
steroid  on  these  stem  populations.  Our 
experimental  data  support  the  hypothesis 
that  testosterone  has  more  than  one  action 
on  the  hemopoietic  system:  by  enhancing 
ESF  production  and  by  stimulating  the 
stem  cell  populations.  The  further  differ- 
entiation toward  the  granulocytic  or  eryth- 
roid lineage  may  be  due  to  perturbations 
of  the  homeostatic  mechanisms  under  var- 
ious types  of  stress  or  injury  and  to  the 
inductive  action  of  the  microenvironment 
as  well. 

Summary.  Injection  of  long-acting  tes- 
tosterone markedly  enhanced  bone  mar- 
row CFU-S  proliferation  in  vivo  and  CFU- 
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S  recovery  in  a  diffusion  chamber  (DC) 
system. 

In  the  DC  system  the  enhanced  CFU-S 
proliferation  led  to  increased  cellularity 
due  to  an  increase  in  dividing  granulocytic 
elements  and  macrophages.  In  vivo,  no 
difference  was  observed  in  the  tibial  total 
nucleated  cellularity  between  treated  and 
control  animals.  Detailed  marrow  differ- 
ential counts,  however,  showed  a  signifi- 
cant increase  in  erythroid  cell  precursors 
1-3  days  after  testosterone  injection. 

The  relationship  between  colony-form- 
ing units  and  colony-forming  cells  is  dis- 
cussed and  it  is  suggested  that  testoster- 
one may  act  on  different  levels  of  the 
hemopoietic  system.  This  steroid  appears 
not  only  to  enhance  but  also  to  induce 
proliferation  of  the  uncommitted  progeni- 
tor cells. 
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ndin  is  a  basic  protein  isolated  from 
)emate  of  rat  and  human  kidney  and 
lomogenates  (1,  2).  In  the  rat  and 

is  the  major  glutathione  (GSH)-S- 
rase  (3).  Conjugation  with  GSH  is 
*st  step  in  mercapturate  formation 
is  the  major  nonoxidative  detoxifica- 
'stem  for  many  drugs  and  chemicals 
ng  ethacrynic  acid  (4).  Administra- 
:  ethacrynic  acid  results  in  formation 
itathione  (EA-GSH)  and  cysteine 
yst)  adducts  of  the  diuretic  (5).  The 
has  a  significantly  greater  diuretic 
on  the  isolated  thick  ascending  limb 
lie's  loop  than  does  ethacrynic  acid 
he  present  studies  were  designed  to 
s  GSH  transferase  activity  in  the 
m  and  to  determine  its  role  in  forma- 
'  thiolated  adducts. 
lods.  Isolation  of  nephron  segments, 
s  were  performed  on  rabbits  since  the 
m  segments  of  this  species  can  be 
ied  and  isolated  by  microdissection 

Normal  female  white  New  Zealand 
.,  approximately  2  kg  in  weight,  were 
ined  on  a  diet  of  standard  rabbit 
The  animals  were  killed  by  cervical 
tion  and  the  left  kidney  was  immedi- 
emoved.  A  1-  to  2-mm-thick  trans- 
icction  and  a  1-  to  2-mm  tangential 
I  of  superficial  cortex  were  removed 
msferred  to  a  dish  of  chilled  McCoy's 
1  culture  medium  without  phenol  red 
i  Island  Biological  Co.,  N.Y.),  which 
rved  as  the  dissecting  medium.  The 
n  was  bubbled  with  95%  02-5% 
ndividual  tubular  segments  were  sep- 
by  microdissection  using  a  dissecting 
cope  with  a  calibrated  eyepiece  reti- 
oximal  convoluted  tubules  were  dis- 
from  the  superficial  cortical  section 
e  other  tubular  segments  from  the 
;rse  section.  Proximal  convoluted  tu- 


bules, proximal  straight  tubules,  combined 
thin  descending  and  ascending  limbs  of 
Henle,  combined  cortical  and  medullary 
thick  ascending  limbs,  and  combined  corti- 
cal and  medullary  collecting  tubules  were 
separately  isolated.  Accuracy  of  identifica- 
tion was  confirmed  by  measuring  the  char- 
acteristic transtubular  potential  difference 
in  representative  segments  using  the  in  vitro 
perfusion  technique  (7,  8).  An  approximate 
total  length  of  20-40  mm  of  each  segment 
was  pooled  in  separate  test  tubes  containing 
approximately  0.2  ml  of  chilled  dissecting 
medium.  Tubular  segments  were  washed 
twice  with  20  ml  of  medium  and  centrifuged 
to  remove  enzyme  liberated  during  dissec- 
tion. Aliquots  (0.2  ml)  of  medium  were 
similarly  treated  and  assayed  for  enzyme 
activity  and  did  not  have  GSH  transferase 
activity.  Aliquots  (0.4  ml)  of  medium  con- 
taining the  tubular  segments  were  rapidly 
frozen,  thawed,  and  sonicated  for  IS  sec  in 
a  Sonifier  cell  disruptor  (Heat  Systems-Ul- 
trasonic, Inc.,  Plainview,  N.Y.).  Total  pro- 
tein was  determined  using  the  method  of 
Lowry  et  al.  (9).  GSH  transferase  activity 
was  determined  on  0.1  ml  of  supemate 
representing  a  total  length  of  5-10  mm  of 
tubule. 

GSH  transferase  assay.  Glutathione  trans- 
ferase activity  was  determined  by  monitor- 
ing formation  of  enzyme-catalyzed  coupling 
between  glutathione  and  l-chloro-2,4-dini- 
trobenzene  (£  9600  at  340  nm)  (4). 

Aliquots  (100  /xl)  of  tubule  supernate  in 
bicarbonate  buffer  (pH  7.4)  were  added  to 
a  1-cm-path  spectrophotometer  cell  contain- 
ing 3  ml  of  a  solution  of  2.5  mAf  glutathione 
and  1.33  mAf  l-chloro-2,4-dinitrobenzene 
in  0.1  Af  phosphate  buffer  at  pH  7.4.  The 
blank  cell  contained  only  reagents.  Changes 
in  absorption  were  followed  at  25°  in  a  Pye 
Unicam  1800  recording  spectrophotometer. 
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Units  of  enzyme  activity  were  expressed  as 
micromoles  of  coupling  product  formed  per 
minute  per  microgram  of  protein. 

Formation  and  liberation  of  ethacrynic 
acid  adducts  by  intact  tubules.  Slices  (1  mm) 
of  superficial  renal  cortex  and  papillary  tip 
were  transferred  to  a  dish  of  chilled  ultrafll- 
trate  of  normal  rabbit  serum  prepared  by 
ultrafiltering  serum  through  a  Diaflo  PM 
membrane  (Amicon  Corp.,  Lexington, 
Mass.)  which  effectively  excludes  molecules 
of  greater  than  10,000  MW.  The  ultrafil- 
trate  was  used  as  the  dissecting  and  incuba- 
tion medium.  (Binding  of  ethacrynic  acid  to 
serum  proteins  was  greater  than  99%  at 
37**.)  Teased  tubule  preparations  were  pre- 
pared from  cortical  and  papillary  slices  by 
gentle  separation  of  tubule  fragments  with 
fine  forceps  under  a  dissecting  microscope. 
The  superficial  cortical  slice  was  composed 
almost  entirely  of  proximal  tubules,  whereas 
the  papilla  contained  only  loops  of  Henle 
and  collecting  tubules. 

Two  samples  of  each  preparation  (10%, 
w/v)  were  transferred  to  individual  wells  of 
a  microtiter  plate  (Falcon  Plastics)  and  in- 
cubated in  ultrafiltrate  containing  10~*  M 
[**C]oxylacetic-2-ethacrynic  acid*  (sp  act, 
16.4  /xCi/mg)  for  30  min  at  37°  in  a  humid- 
ified atmosphere  of  95%  02-5%  CO2.  The 
protein  content  of  each  well  was  determined 
by  the  method  of  Lowry  et  al,  (9).  The 
concentration  of  EA  adducts  in  the  incuba- 
tion medium  did  not  increase  between  15 
and  30  min  of  incubation.  Two  samples  of 
the  isotope-containing  ultrafiltrate  without 
tissue  were  also  incubated  simultaneously. 
The  incubation  medium  was  collected  into 
capillary  tubes  and  10  /xl  was  placed  on 
precoated  silica  gel  F-254  thin-layer  chro- 
matography plates  (Brinkman  Instruments, 
Westbury,  N.Y.).  Each  sample  was  super- 
imposed upon  a  spot  containing  10%  etha- 
crynic acid  and  10%  ethacrynic  acid-gluta- 
thione  adduct  (prepared  in  crystalline  form 
and  provided  by  Dr.  D.  Koechel,  Depart- 
ment of  Pharmacology  and  Therapeutics, 
Medical  College  of  Ohio,  Toledo,  Ohio). 
The  plates  were  developed  in  ben- 
zene :methanol:acetic  acid  (45:8:4).  Etha- 

'  Supplied  by  Dr.  Frank  Wolf,  Merck  Sharp  and 
Dohme  Research  Laboratories,  Rahway,  New  Jersey. 


crynic  acid  and  ethacrynic  acid-glutathione 
spots  were  localized  under  uv  light  (253.7 
nm),  and  individual  areas  were  scraped  and 
transferred  to  counting  vials  containing  10 
ml  of  Aquasol  liquid  scintillation  fluid  (New 
England  Nuclear)  for  radioactive  countinj^. 

The  area  between  the  ethacrynic  acid  and 
ethacrynic  acid-glutathione  spots  contained 
ethacrynic  acid  adducts  of  intermediate  mo- 
lecular weight.  This  region  was  removed 
and  counted  separately.  Two  10- /xl  samples 
of  the  incubation  medium  from  each  well 
were  pipetted  directly  into  counting  vials. 
Samples  were  counted  in  a  Packard-Tricarb 
liquid  scintillation  spectrophotometer  with 
correction  for  quenching.  Total  recovery  of 
isotope  from  the  plate  was  expressed  as  a 
percentage  of  counts  obtained  by  direct 
counting  of  an  equal  volume  of  the  same 
sample.  Absolute  values  were  obtained 
from  the  thin-layer  plates  for  this  recovery 
factor  which  exceeded  80%  in  all  experi- 
ments. Ninety-six  percent  of  [**C]ethacrynic 
acid  radioactivity  was  recovered  from  the 
ethacrynic  acid  spot,  2.5%  from  the  etha- 
crynic acid-glutathione  spot,  and  1.5% 
from  the  intermediate  zone. 

In  order  to  determine  the  proportion  of 
ethacrynic  acid-cysteine  adduct  (EA-Cys) 
in  the  "unidentified  adducts"  obtained  from 
the  thin-layer  plates,  three  additional  exper- 
iments were  performed  on  proximal  tubule 
suspensions  in  which  separation  of  the  eth- 
acrynic adducts  was  achieved  by  paper  chro- 
matography as  described  by  Duggan  and 
Noll  (10).  An  EA-Cys  marker  was  pre- 
pared by  dissolving  equimolar  amounts  of 
ethacrynic  acid  and  L-cysteine  in  water.  Be- 
cause free  cysteine  was  present,  the  samples 
were  applied  to  the  paper  adjacent  to  the 
EA,  EA-GSH,  and  EA-Cys  markers  to 
prevent  formation  of  EA-Cys  by  its  combi- 
nation with  free  ethacrynic  acid  in  the  sam- 
ple. The  area  between  the  EA  and  the  EA- 
GSH  zones  was  removed  after  development 
and  divided  into  an  EA-Cys  section  and  a 
remaining  section  containing  other  uniden- 
tified adducts.  Radioactivity  was  counted 
using  Toluene  Puresolve  liquid  scintillation 
cocktail  (Packard  Instruments  Co.,  Down- 
ers Grove,  111.). 

Tissue  content  of  ethacrynic  acid  adducts. 
Following    incubation,    proximal    tubules 
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>tted  dry,  rapidly  washed  in  incuba- 
^diurn,  transferred  to  small  tubes 
ng  100  /xl  of  benzene: methanol: 
icid  (45:8:4),  disrupted  by  sonica- 
id  extracted  for  1  hr.  The  extracts 
parated  on  thin-layer  plates  as  de- 
above. 

ts.  Localization  of  glutathione  trans- 
ctivity.  Enzyme  activity  was  confined 
proximal  convoluted  and  proximal 
:  tubules  and  was  not  detectable  in 
n  descending  and  ascending  loops, 
scending  limbs,  or  cortical  and  med- 
collecting  tubules. 

/ity  (/xmoles  of  conjugate/ /xg  of  pro- 
n)  was  0.23  ±  0.04  in  the  convoluted 
I  and  0.25  ±  0.09  in  the  straight 
I  of  the  proximal  tubules. ^  Duplicate 
ements  on  the  same  sample  gave 
al  results. 

ration  of  ethacrynic  acid  adducts  by 
ubules,  a)  Spontaneous  formation  in 
ion  medium.  Figure  1  illustrates  the 
It  following  incubation  of  an  ultrafil- 
•f  rabbit  serum  with  [**C]ethacrynic 
0"*  M)  in  the  absence  of  renal  tissue, 
:tivity  recoverable  as  ethacrynic  acid 
luced  to  7.4  ±  1 .1  X  10"*  Af  concom- 
ith  the  appearance  of  EA-  GSH  (0.5 
X  10~*  M)  and  other  EA  adducts 
0.1  X  10-*  M). 

formation  of  adducts  by  renal  tubules, 
experiments,  both  proximal  tubules 
enle's  loops  plus  collecting  tubules 
amoved  from  the  same  kidney.  The 
protein  content  (±SE)  per  incubation 
'  proximal  tubules  was  291  ±  22  /xg, 
lat  of  Henle's  loops  plus  collecting 
s  was  262  ±  36  /xg. 
oth  groups  of  tubules  the  concentra- 
f  ethacrynic  acid  in  the  incubation 
m  fell  significantly  and  the  levels  of 
SH  increased.  The  increment  ob- 
with  proximal  tubules  was  signifi- 
greater  than  that  with  papillary  seg- 
(P  <  0.05).  Since  GSH  transferase 
/  was  not  detected  in  the  latter  neph- 
^ents,  it  is  assumed  that  this  repre- 
noncatalytically  formed  EA-GSH 
is  liberated  into  the  incubation  me- 

ults  are  the  means  ±  SE  of  enzyme  assays  on 
lals. 
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Fig.  1.  Medium  concentrations  of  ethacrynic  acid, 
ethacrynic  acid-glutathione,  and  other  ethacrynic  acid 
adducts  following  incubation  of  rabbit  serum  ultrafil- 
trate  with  [**C]ethacrynic  acid  in  the  absence  and 
presence  of  renal  tubules.  Open  bars  =  no  renal  tissue; 
cross-hatched  bars  =  proximal  tubules;  stippled  bars 
=  Henle's  loops  and  collecting  tubules.  (♦)/*<  0.05 
vs  medium  with  no  tissue . 

dium.  No  additional  ethacrynic  acid  adducts 
were  formed  by  the  loops  and  collecting 
tubules,  whereas  there  was  a  significant 
increase  in  the  medium  concentration  of 
other  "unidentified  adducts"  following  in- 
cubation of  proximal  tubules  (Fig.  1).  The 
difference  between  the  original  medium 
concentration  of  isotope  and  total  isotope 
recovery  following  incubation  represents 
the  amount  removed  by  nonspecific  tissue 
binding. 

Paper  chromatography  of  the  unidentified 
adducts  (as  defined  by  thin-layer  chroma- 
tography) formed  by  proximal  tubules  re- 
vealed that  61 .3  ±  9.2%  of  the  radioactivity 
was  recoverable  as  the  ethacrynic  acid-cys- 
teine  adduct. 

(c)  Tissue  content  of  ethacrynic  acid  and 
its  adducts.  Analysis  of  the  relative  distribu- 
tion of  adducts  within  the  proximal  tubular 
cells  revealed  15.0  ±  4.6%  as  ethacrynic 
acid,  21.3  ±  4.1%  as  unidentified  adducts, 
and  63.8  ±  3.5%  as  ethacrynic  acid-gluta- 
thione. 

Discussion.  Cellular  localization  of  en- 
zyme activity  in  different  parts  of  the  neph- 
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ron  has  hitherto  been  based  on  histochemi- 
cal  techniques  using  freeze-dried  sections  of 
tissue  (11).  More  recently  a  method  of 
enzyme  localization  has  been  utilized  in 
which  isolated  viable  segments  of  the  rabbit 
nephron  are  removed  and  assayed  for  en- 
zyme activity  in  vitro.  Imbert  and  co-work- 
ers (12)  and  ourselves  (13)  have  measured 
adenylate  cyclase  activity  in  segments  of  the 
rabbit  nephron.  The  present  study  repre- 
sents an  additional  application  of  this  tech- 
nique. The  glutathione  transferase  assay 
was  sufficiently  sensitive  to  detect  activity 
in  proximal  tubular  segments  2-3  mm  in 
length.  In  order  to  ensure  that  false  negative 
results  were  not  obtained  on  segments  with 
relatively  low  protein  content  per  unit 
length,  e.g.,  the  thick  ascending  limb  (12), 
a  minimum  of  5-  to  10-mm  length  of  each 
segment  type  (containing  at  least  0.3  /xg  of 
protein)  was  used. 

The  results  indicate  that  GSH  transferase 
activity  in  the  rabbit  nephron  resides  en- 
tirely in  the  proximal  convoluted  and  proxi- 
mal straight  tubules.  Studies  in  rats  demon- 
strate the  identity  of  glutathione  transferase 
B  with  ligandin  (3)  and  its  localization  by 
immunofluorescence  to  the  proximal  tu- 
bules of  the  renal  cortex  (14).  Selective 
poisoning  of  the  proximal  tubule  of  the  rat 
kidney  by  heavy  metals  leads  to  the  appear- 
ance of  ligandin  in  the  urine  and  suggests 
that  it  is  localized  preferentially  in  the  ter- 
minal parts  of  the  proximal  tubule  in  this 
species  (15).  Ligandin  has  not  been  purifed 
from  rabbit  kidney  and  anti-rat  ligandin  IgG 
does  not  immunologically  cross-react  with 
rabbit  tissues.  In  rats,  ligandin  is  the  pre- 
dominant GSH  transferase  (16).  It  is  not 
known  whether  rabbit  kidney  contains  more 
than  one  GSH  transferase  which  catalyti- 
cally  reacts  with  l-chloro-2,4-dinitroben- 
zene. 

The  evidence  that  GSH  transferase  plays 
a  role  in  organic  anion  transport  by  the 
proximal  tubules  is  inferential  and  includes 
studies  of  competitive  binding  of  ligands, 
such  as  penicillin,  probenecid,  and  Bromsul- 
phalein,  to  renal  ligandin,  and  an  increase 
in  renal  organic  anion  excretion  following 
induction  of  ligandin  (2).  Since  organic  an- 
ion transport  by  renal  tubular  cells  involves 
active  transport  at  the  level  of  peritubular 


or  luminal  membranes,  failure  to  demon- 
strate ligandin  in  plasma  membrane  frac- 
tions of  kidney  suggests  that  binding  of 
ligands  to  GSH  is  not  directly  coupled  to 
the  active  transport  processes.  Since  conju- 
gation to  GSH  is  the  first  step  in  the  mercap- 
turic  acid  pathway,  GSH  transferase  may 
result  in  formation  of  GSH  adducts. 

In  the  present  study,  separated  renal  tu- 
bules were  incubated  in  vitro.  These  tubules 
retain  viability  for  several  hours  and  dem- 
onstrate transport  activity  (17).  Since  the 
tubules  are  fragmented  with  their  lumens 
communicating  with  the  external  medium, 
substances  transported  actively  or  diffusing 
across  both  luminal  and  peritubular  surfaces 
appear  in  the  incubation  medium.  In  the 
present  study  intact  proximal  tubules,  which 
have  glutathione  transferase  activity,  form 
EA-GSH  and  EA-cysteine  which  enter  the 
tubular  fluid  and  presumably  act  on  more 
distal  nephron  sites.  Papillary  nephron  seg- 
ments are  deficient  in  this  enzyme  activity 
and  form  significantly  less  glutathione  or 
other  adducts. 

Summary.  Ligandin  is  a  major  renal  or- 
ganic anion-binding  protein  and  is  the  major 
glutathione  (GSH)-S-transferase  in  the  rat, 
monkey,  and  man.  GSH  transferase  activity 
was  measured  in  isolated  segments  of  the 
normal  rabbit  nephron  using  l-chloro-2,4- 
dinitrobenzene  as  substrate.  Enzyme  activ- 
ity was  confined  to  the  proximal  convoluted 
and  proximal  straight  tubules  and  was  not 
detectable  in  the  loops  of  Henle  and  collect- 
ing tubules. 

Incubation  of  proximal  tubules  with 
[**C]ethacrynic  acid  resulted  in  formation 
of  glutathione  and  cysteine  adducts.  Loops 
of  Henle  and  collecting  tubules  formed  sig- 
nificantly less  glutathione  adduct  and  no 
other  adducts.  GSH  transferase  in  the  prox- 
imal tubule  may  thus  be  important  in  vivo 
in  the  formation  of  thiolated  adducts  by  the 
kidney. 

This  work  was  supported  by  Research  Grant  7R01 
AM198  22-01  from  the  National  Institutes  of  Health, 
and  Grants  2019,  5384,  and  70228  from  the  National 
Institute  of  Arthritis  and  Metabolic  Diseases. 
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Monellin,  a  sweet-tasting  protein,  has 
been  isolated  in  homogeneous  form  and 
characterized  (1-10).  Prior  to  the  present 
study,  a  number  of  unsuccessful  attempts 
were  made  in  our  laboratory  to  derivatize 
monellin  without  destroying  its  sweet  taste. 
In  this  paper  we  describe  methylation  of 
the  lysyl  residues,  a  portion  of  which  can  be 
so  modified  with  retention  of  the  sweetness 
of  the  protein.  Through  this  reaction  a  ra- 
dioactively  labeled  derivative  of  monellin 
has  been  prepared,  which  will  now  enable 
direct  binding  studies  of  it  to  taste  receptors. 

Materials  and  methods,  Monellin  was  iso- 
lated from  the  fruit  of  Dioscoreophyllum 
cumminsii  (1,  4).  Reagents  and  their 
sources  were  as  follows:  fluorescamine, 
Roche  Laboratories;  37%  formaldehyde, 
Fisher  Scientific;  pHJformaldehyde  (0.1  Ci/ 
mmole,  lot  No.  728-029),  New  England 
Nuclear  Corp.;  N*-trimethyl-L-lysine-bis(p- 
hydroxyazobenzene-p '-sulfonate)  2H2O  (A 
Grade) ,  Calbiochem ;  M-met hy  1-L-ly sine 
HCl  and  N*-dimethyl-L-lysine  HCl,  Cyclo 
Chemical.  Other  chemicals  were  reagent 
grade. 

Methylation  of  monellin  (11).  The  protein 
was  dissolved  in  0.2  M  sodium  borate,  pH 
9.0,  at  10  mg/ml  (1  mAf  monellin,  or  11 
mAf  in  primary  amino  groups).  Concen- 
trated NaBH4  in  water  (10  mg/ml)  was 
added  to  give  a  final  concentration  of  0.5 
mg/ml,  which  is  an  approximate  equimolar- 
ity  of  amino  groups  and  borohydride.  The 
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mixture  was  kept  at  0"".  Small  alic 
formaldehyde  (1-5  /xl  of  6-8  M  fo 
hyde/ml  of  monellin  solution)  weri 
at  5-min  intervals  with  stirring.  Just 
each  addition,  an  aliquot  of  the 
was  removed  for  chemical  determin 
the  extent  of  reaction  and  for  taste 
The  extent  of  methylation  was  meas 
assaying  the  free  amino  groups  re 
(12). 

Tritium-labeled  methylated  mone 
prepared  with  pHJformaldehyde 
/xmole).  The  unreacted  formaldeh; 
removed  with  an  Amicon  ultrafiltra 
paratus  (Model  202,  UM2  filter)  j 
temperature.  The  monellin  solution 
tered  and  then  alternately  diluted  (w 
M  sodium  phosphate  buffer,  pH  1 
concentrated  until  the  radioactivit] 
effluent  was  reduced  to  backgroum 
The  ^H-labeled  methylated  monel 
chromatographed  on  a  column  of 
lulose.  The  fractions  were  assayed 
tein  concentration,  for  free  amino 
and  for  radioactivity  by  liquid  scin 
counting    (13)    with    a    Packard 
Model   3375   at  a  counting  effici 
37%. 

Amino  acid  analyses.  Samples  of  r 
were  hydrolyzed  in  vacuo  in  constan 
HQ  for  22  hr  at  110^  A  Beckn 
automatic  analyzer  equipped  with 
man  System  AA  computing  integrs 
used.  The  standard  basic  columr 
Beckman  PA-35  resin)  was  eluted  w 
N  sodium  citrate  buffer,  pH  5.28, 
at  a  flow  rate  of  70  ml/hr.  On  this 
monomethyllysine  and  dimethyllysi 
not  separated.  For  their  separatioi 
cm  column  of  Durrum  DC-6A  re 
used.  It  was  eluted  initially  with 
sodium  citrate  buffer,  pH  5.70,  at 
70  min  the  temperature  was  raisec 
and  the  buffer  changed  to  0.35  N 
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^  pH  4.70.  The  flow  rate  was  70  ml/ 
roughout.  Elution  times  of  the  stan- 
to  the  nearest  minute  were  as  follows: 
,  67;  monomethyllysine,  76;  dimethyl- 
,  81;  trimethyllysine,  84;  histidine, 
nmonia,  100;  and  arginine,  195. 
'  electrophoresis.  Electrophoresis  was 
d  out  in  polyacrylamide  gels  under 
d  conditions:  pH  6.9  (0.05  M  ammo- 
acetate),  pH  7.5  (0.05  M  ammonium 
te  -I-  8  Af  urea  -1-0.1%  2-mercaptoeth- 
,  pH  8.4  (0.05  M  Tris/acetate),  and 
3.0  (0.05  M  sodium  glycinate).  In  gels 
th  7.5  and  10%  (w/w)  acrylamide  the 
of  acrylamide  to  N,N'-methylenebis- 
imide  was  30:1.  Electrolyte  buffers 
identical  with  those  in  the  gels  except 
lone  of  them  contained  urea.  Proteins 
stained  for  1  to  2  hr  in  a  solution  of 
)  black  (1%)  and  Coomassie  brilliant 
G250  (0.25%)  in  7%  acetic  acid,  or 
atively  with  Coomassie  brilliant  blue 
(0.25%)  alone  (14).  Gels  were 
edat560or600nm. 
i  two  chains  of  monellin  were  disso- 
I  by  incubation  for  2  hr  at  25°  in  8  Af 
0.01  Af  Tris/acetate  buffer,  pH  8.4, 
%  mercaptoethanol  (final  pH,  8.5). 
ation  was  achieved  by  polyacrylamide 
ectrophoresis  in  the  presence  of  8  Af 
f  0.1%  mercaptoethanol. 
umn  chromatography  and  other  pro- 
es.  Chromatography  on  CM-cellulose 
arried  out  in  0.01  Af  sodium  phosphate 
r,  pH  7.2,  using  elution  with  a  linear 
mt  of  0  to  0.05  Af  NaCl  in  the  buffer 
Jel  nitration  was  carried  out  on  Seph- 
G-75  in  0.05  Af  Tris/acetate  buffer, 
i.4,  which  contained  0.2  Af  KCl  to 
nt  adsorption  of  the  protein.  Protein 
iscence  (2,  9)  and  sweetness  (1)  were 
[nined  as  described  earlier.  Protein 
ntrations  were  calculated  by  compari- 
vith  the  fluorescence  emission  of  a 
ard  solution  of  native  monellin. 
idts  and  discussion,  Methylation  and 
taste,  Monellin  that  was  successively 
i^lated  showed  successive  decreases  in 
iry  amino  groups  (Fig.  1),  20  to  40% 
lich  could  be  methylated  without  ap- 
ible  loss  of  sweetness.  Additional 
.rlation  resulted  in  decreased  sweet- 
Even  after  extensive  methylation  un- 
enaturing  conditions  (2%  sodium  do- 


fOO 


100 


0  10  2  0  3  0         4  0  50 

FORMALDEHYDE  ADDED,    iimd^ig  prottin 

Fig.  1 .  Methylation  of  monellin.  Aliquots  of  form- 
aldehyde were  added  as  shown  on  the  abscissa.  The 
ordinate  shows  sweetness  level  (shaded  area)  and  flu- 
orescamine  reactivity  remaining  in  four  experiments 
(O,  X,  •,  +).  The  sweetness  of  the  samples  was 
evaluated  at  three  concentrations  (5,  10,  and  20  /ig/ 
ml);  the  lowest  concentration  that  tasted  sweet  is 
indicated  on  the  scale  as  100  (i.e..  100  means  sweet  at 
5  /ig/ml,  while  0  means  not  perceptibly  sweet  at  20 
Atg/ml). 

decyl  sulfate  or  pH  11.5),  about  20%  of 
the  amino  groups  remained  fluorescamine 
reactive. 

Chromatography  of  methylated  monellin. 
In  order  to  determine  the  possible  extent  of 
heterodispersity,  the  CM-cellulose  chromat- 
ogram  was  analyzed  for  protein  fluores- 
cence, primary  amino  groups,  and  sweet 
taste.  The  elution  profile  (Fig.  2)  showed  a 
single  peak  for  which  these  parameters  were 
coincident.  The  ratio  of  the  fluorescence 
parameters  in  the  more  slowly  eluting  ma- 
terial indicated  somewhat  less  extensive 
methylation.  A  mixture  of  methylated  and 
unmethylated  monellin  gave  essentially  the 
same  elution  profile,  although  it  appeared 
to  be  slightly  broader. 

The  half-width  of  the  fluorescence  emis- 
sion for  the  fractions  in  the  midportion  of 
the  elution  peak  (Fig.  2)  was  relatively 
constant  at  62  ±  2  nm  (range)  (native 
monellin  is  60  nm)  (9).  The  fractions  be- 
yond number  215  showed  an  emission  peak 
at  304  nm  due  to  tyrosine.  The  data  there- 
fore indicate  some  conformational  altera- 
tion of  the  protein  due  to  methylation. 

Amino  acid  composition  of  methylated 
monellin.  The  amino  acid  compositions  of 
the  six  pooled  fractions  (see  Fig.  2)  were 
very  similar  (Table  I),  and  those  of  pools 
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FRACTION  NUMBER 

Fig.  2.  Chromatography  of  methylated  monellin  on  CM-cellulose.  Methylated  monellin  (40  mg)  (approxi- 
mately 50%  methylation)  was  chromatographed  on  a  2  x  20-cm  column  of  CM-cellulose.  The  sample  was 
applied  in  0.01  M  sodium  phosphate  buffer,  pH  7.2,  the  column  washed  with  40  ml  (1  column  volume)  of  the 
same  buffer,  and  the  protein  eluted  with  a  300-ml  linear  gradient  of  0  to  0.05  M  NaCl  in  the  phosphate  buffer. 
Fractions  of  1  ml  were  collected  at  a  flow  rate  of  15  ml/hr.  Protein  fluorescence  (protein  concentration) 

(D D)  and  fluorescamine  fluorescence  (primary  amino  group  concentration)  (O O)  are  expressed  as 

relative  fluorescence;  curves  normalized  to  the  peak  fraction  as  100.  The  hatched  lines  are  the  sweetness  values, 
with  the  numbers  there  indicating  the  six  pools.  The  data  for  methylated  lysines  in  these  six  pools  are  shown  in 
Table  II. 

TABLE  1.  Amino  Acid  CoMPOsmoNS  of  Chromatographic  Fractions  of  Methylated  Monelun. 


Pool  number* 

'  (mole%) 

Combined 
pools  No.  3  to 
6  (mole/mole 

Lit.  rcf. 

Lit.  rcf. 

Residue 

1 

2 

3 

4 

5 

6 

of  protein)* 

2 

8 

Lys  (total) 

9.3 

9.6 

9.6 

9.6 

9.6 

9.7 

8.22  ±0.14 

8 

9 

His'^ 

Trace 

0.3 

0.2 

Trace 

Trace 

Trace 

0.03  ±  0.07 

0 

- 

Arg 

6.1 

6.2 

6.9 

7.0 

6.9 

6.6 

5.85  ±0.13 

7 

6 

Asx 

11.6 

10.4 

11.1 

11.2 

11.2 

11.3 

9.58  ±  0.14 

10 

10 

Thr 

4.4 

4.7 

4.5 

4.5 

4.3 

4.3 

3.77  ±  0.04 

4 

Ser 

3.3 

5.2 

3.2 

2.8 

2.6 

3.7 

2.79  ±  0.57 

2 

Glx 

15.0 

14.4 

14.2 

14.2 

13.8 

14.0 

12.00 

12 

12 

Pro 

6.1 

5.5 

6.0 

6.1 

6.5 

6.3 

5.32  ±  0.27 

6 

Cys/2 

0.4 

0.0 

0.5 

0.7 

0.4 

0.4 

0.43  ±  0.12 

1 

Gly 

10.9 

11.2 

10.1 

10.0 

9.8 

10.4 

8.59  ±  0.19 

8 

Ala 

3.0 

4.5 

3.5 

3.3 

3.4 

3.6 

2.95  ±0.12 

3 

Val 

3.6 

3.3 

3.7 

3.6 

4.1 

3.9 

3.17  ±0.11" 

4 

Met 

0.8 

0.8 

0.8 

0.9 

1.0 

0.8 

0.75  ±  0.07 

1 

He 

8.2 

6.7 

7.1 

7.1 

7.3 

7.1 

6.12  ±0.13" 

6 

Leu 

5.9 

6.0 

6.4 

6.5 

6.4 

6.2 

5.46  ±0.08" 

6 

Tyr 

6.2 

6.3 

7.0 

7.2 

7.2 

6.4 

5.95  ±0.34" 

7 

Phe 

5.2 

4.9 

5.2 

5.3 

5.5 

5.3 

4.55  ±0.15 

5 

Trp 

- 

- 

- 

- 

- 

- 

- 

1 

°  Pools  from  the  chromatography  column  shown  in  Fig.  2.  Average  values  from  duplicate  analyses. 
*  Mean  ±  SD.;  values  normalized  to  Glx  at  12.00. 
*■  The  presence  of  His  reveals  a  trace  contamination. 

"  Low  recoveries  of  Val,  lie.  Leu,  and  Tyr  are  probably  due  to  the  presence  of  Ile-Ile,  Val-Ilc,  Ilc-Tyr,  Val- 
Tyr,  Leu-Tyr,  and  Tyr- Val  bonds  in  the  protein  (7.8). 


No.  3  to  6  were  identical  within  experimen- 
tal error  (cf.  2,8).  This  demonstrated  that 
the  two  chains  of  monellin  had  not  sepa- 
rated. The  two  chains  would  not  have  eluted 
together  on  this  column  and  the  sweet  taste 
activity  would  have  been  lost. 


Total  methyllysine  among  the  protein 
pools  was  similar  (Table  II).  The  lower 
methyllysine  content  in  the  trailing  edge 
(pool  No.  6)  agrees  with  the  fluorescence 
data  (see  above)  and  is  accounted  for  by  a 
decrease  only  in  the  dimethyl  derivative 
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I.  Extent  of  Methylation  of  Lysines 
IN  Methylated  Monellin. 


Percentage  ( 

of  total  lysine" 

Dime- 

4ethyl- 

Methylly- 

Monome- 

thylly- 

lysine*" 

sine'' 

thyllysine'' 

sine" 

48.5 

49.6 

10.3 

39.3 

54.0 

61.3 

6.4 

54.8 

51.7 

53.6 

8.2 

45.4 

47.5 

48.0 

7.0 

41.0 

45.4 

46.2 

8.2 

38.0 

36.0 

38.0 

8.8 

29.3 

es  of  duplicate  analyses.  Trimethyllysine 

«nt. 

'om  the  chromatography  column  shown  in 

resin,  8>cm  column, 
resin,  20-cm  column. 


ant  percentage  of  monomethylly- 
ols  No.  3  to  6  and  the  progressive 
in  dimethyllysine  in  these  pools 
inst  the  possibility  of  admixtures 
ated  and  unmethylated  monellin. 
rmation  of  mainly  dimethyllysine 
lin  is  similar  to  the  results  with 
)teins;  reductive  methylation  of 
psin,  chymotrypsinogen,  transfer- 
/me,  and  ovomucoid  with  formal- 
ads  to  formation  of  dimethyllysine 
icipal  product  (11). 
eled  methylated  monellin,  A  sam- 
-labeled  methylated  monellin  (27 
chromatographed  on  a  column  of 
lose  (1.3  X  30  cm).  It  eluted  in  a 
ik  similar  to  that  in  Fig.  2,  with 
activity,  protein  fluorescence,  and 
nine  fluorescence  coincident  across 
n  peak.  The  specific  radioactivity 
iiCi//xmole  (±10%)  in  the  major 
f  the  peak,  and  for  a  second  prep- 
inder  similar,  but  not  identical, 
s  the  specific  radioactivity  was  14 
le. 

ure  of  ^H-labeled  methylated  mo- 
)  fjLg)  and  unmethylated  monellin 
was  chromatographed  on  a  Sepha- 
column  (1.5  x  41  cm).  The  small 
of  the  ^H-labeled  derivative  did 
ere  with  the  protein  fluorescence 
native  monellin,  enabling  detec- 
e  two  molecular  species  by  inde- 
neasures.  The  two  elution  peaks 
efore  separately  observable.  Each 
geneous  with  respect  to  molecular 


size.  The  methylated  monellin  eluted  some- 
what earlier  than  the  native  monellin,  indi- 
cating a  slightly  larger  Stokes  radius. 

Polyacrylamide  gel  electrophoresis  of  na- 
tive and  methylated  monellins.  The  six  pools 
of  methylated  monellin  (Fig.  2)  and  an 
additional  preparation  (66%  methylated, 
which  tasted  sweet)  were  compared  with 
the  native  protein  by  electrophoresis  toward 
the  cathode  at  pH  8.4  on  7.5%  gels.  The 
mobility  of  the  methylated  protein  was  in 
every  case  less  than  that  of  the  native, 
thereby  demonstrating  the  absence  of  un- 
modified protein.  The  mobility  decreased 
from  pools  No.  6  to  1,  consistent  with 
decreasing  net  positive  surface  charge.  Thus 
the  orders  of  electrophoretic  mobilities  and 
affinities  for  the  cation  exchanger  were  in 
complete  agreement. 

Both  the  native  and  66%  methylated  pro- 
teins migrated  toward  the  anode  at  pH  10.0 
(Fig.  3,  left),  with  the  methylated  protein 
showing  higher  mobility.  At  pH  6.9  (Fig. 
3,  right)  the  converse  order  of  mobilities 
was  observed.  Because  all  lysyl  residues, 
whether  methylated  or  unmodified,  are  fully 
charged  at  pH  6.9,  this  result  can  be  ex- 
plained either  by  deamidation  or  by  a  meth- 
ylation-induced  conformational  change,  re- 
sulting possibly  in  increased  anion  binding. 
Aggregation  could  not  explain  the  findings. 

Conformational  changes  that  affect  elec- 
trophoretic mobility  should  be  abolished 
under  denaturing  conditions  whereas 
changes  in  the  net  charge  of  the  protein 
should  not.  Accordingly,  native  and  meth- 
ylated proteins  were  denatured  and  exam- 
ined by  electrophoresis.  Monellin  was  dis- 
sociated into  its  two  chains  (Fig.  4),  one 
bearing  a  net  positive  charge  at  pH  7.5  (the 
smaller  subunit)  and  the  other  a  net  nega- 
tive charge  (the  larger  subunit).  Methyla- 
tion had  no  significant  effect  on  the  electro- 
phoretic mobility  under  denaturing  condi- 
tions. Thus  the  change  in  electrophoretic 
mobility  of  the  intact  protein  after  methyla- 
tion must  be  related  to  a  change  in  its 
conformation  rather  than  to  deamidation. 

The  evidence  to  date  indicates  that  the 
tertiary  structure  of  monellin  is  important 
for  its  sweet  taste  activity  (1-10).  The  pres- 
ent work  shows  that  a  portion  of  the  lysyl 
residues  can  be  methylated  without  appre- 
ciable loss  of  sweet  taste  activity;  further 
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10  1 

DISTANCE   FROM  ORIGIN,  cm 

Fig.  3.  Left:  Electrophoresis  in  parallel  of  50  /ig  of  native  monellin  ( ),  50  fig  of  66%  methylated 

monellin  ( ),  and  a  mixture  (50  +  50  /ig)  of  the  two  samples  (••••)  toward  the  anode  in  10%  (w/w) 

polyacrylamide  gels  at  pH   10.0  (6  hr,  3  mA/gel).  Stained  with  Coomassie  brilliant  blue  G250.  Right: 

Electrophoresis  in  parallel  of  25  /ig  of  native  monellin  ( ),  50  fig  of  66%  methylated  monellin  ( ),  and  a 

mixture  (25  +  50  fig)  of  the  two  ( )  toward  the  cathode  in  7.5%  (w/w)  polyacrylamide  gels  at  pH  6.9  (10 

hr,  5  mA/gel).  Stained  with  an  amido  black-Coomassie  brilliant  blue  G250  mixture. 
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DISTANCE   FROM  ORIGIN,  cm 

Fig.  4.  Electrophoresis  in  parallel  of  50  fig  of  native  monellin  ( ),  46  fig  of  66%  methylated  monellin 

( ),  and  a  mixture  (25  +  23  fig)  of  the  two  ( )  in  7.5%  (w/w)  polyacrylamide  gels  containing  8  M  urea  + 

0.1%  mercaptoethanol,  pH  7.5  (24  hr,  2.5  mA/gel).  The  two  monellin  chains  were  dissociated  by  incubation  for 
2  hr  at  25*  in  8  Af  urea  +1%  mercaptoethanol,  pH  8.5,  prior  to  electrophoresis.  Stained  as  in  Fig.  3,  right. 


methylation  results  in  a  decline  in  sweet- 
ness. Methylated  monellin  shows  evidence 
of  a  slight  increase  in  Stokes  radius,  a 
change  in  electrophoretic  mobility,  and  a 
small  increase  in  fluorescence  emission  half- 
width,  all  of  which  are  consistent  with  a 
conformation  change  that  includes  some  ex- 
pansion of  the  molecule. 

Summary,  The  € -amino  groups  of  the 
lysyl  residues  of  monellin  were  reductively 
methylated  with  formaldehyde  and  sodium 
borohydride;  20-40%  of  the  lysines  could 
be  methylated  with  essentially  complete  re- 


tention of  the  sweetness  of  the  protein.  The 
methylated  protein  yielded  dimethyllysine 
and  monomethyllysine  upon  acid  hydroly- 
sis. ^H-Labeled  methylated  monellin  was 
also  prepared  with  [^H]formaldehyde  as  the 
methyl  donor;  this  derivative  could  be  use- 
ful in  binding  studies  to  taste  receptors. 
The  methylated  monellin  was  studied  by 
ion-exchange  chromatography,  gel  filtra- 
tion, fluorescence  spectroscopy,  polyacryl- 
amide gel  electrophoresis,  and  amino  acid 
analysis.  Although  sweetness  was  main- 
tained   after    limited    methylation,    some 


METHYLATION    OF   MONELLIN 


199 


change  in  conformation  of  the  protein  did 
occur. 
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Dual  Excitatory  Effect  of  Acetylcholine  in  the  Mouse  Vas  Deferens^  (4002 
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Sympathomiinetic  effects  of  acetylcholine 
and  other  nicotinic  agonists  have  been  de- 
scribed in  a  variety  of  tissues  (1).  For  in- 
stance, Daly  and  Scott  (2)  showed  that  close 
arterial  injection  of  acetylcholine  into  the 
dog  spleen  caused  contraction  which  was 
greatly  reduced  or  abolished  by  hexametho- 
nium,  and  by  phenoxybenzamine,  sympa- 
thetic denervation,  or  pretreatment  with 
reserpine.  Similar  observations  were  made 
in  cat  and  dog  heart  preparations  by  Lee 
and  Shideman  (3).  Subsequent  biochemical 
studies  in  cat  and  rabbit  hearts  provided 
direct  evidence  for  release  of  norepineph- 
rine by  acetylcholine  and  other  nicotinic 
agonists  (4,  5).  The  absence  of  ganglion 
cells  in  many  of  the  tissues  studied  (2,  3) 
suggested  that  the  nicotinic  receptors  me- 
diating the  release  of  norepinephrine  were 
located  at  adrenergic  nerve  terminals,  a 
view  supported  by  the  failure  of  tetrodo- 
toxin  to  prevent  acetylcholine-induced 
release  from  cat  spleen  (6)  or  nicotine-in- 
duced release  from  guinea  pig  hearts  (7). 
In  the  present  study  we  have  examined 
whether  release  of  norepinephrine  may  con- 
tribute to  the  contractile  response  of  the 
mouse  vas  deferens  to  acetylcholine.  The 
experiments  were  prompted  by  a  prelimi- 
nary observation  that  the  concentration-re- 
sponse curve  of  acetylcholine  in  this  tissue 
was  biphasic. 

Materials  and  methods.  Mice,  weighing 
30-40  g,  were  killed  by  a  blow  to  the  head. 
Vasa  deferentia  were  removed  and  sus- 
pended in  organ  baths  containing  25  ml  of 
modified  Krebs'  solution  of  the  follow- 
ing composition  (millimolar):  NaCl,  113; 
KCI,  4.8;  CaClz,  2.5;  KH2PO4,  1.2; 
MgS04-7H20,  1.2;  NaHCOg,  25;  and  dex- 
trose, 5.5.  The  solution  was  maintained  at 
37**C  and  continuously  bubbled  with  95% 
02:5%  CO2.  Contractions  of  the  smooth 

*  This  work  supported  by  National  Institute  of  Neu- 
rological Diseases  and  Stroke  Grant  NS  080300. 
'  To  whom  reprint  requests  should  be  sent. 


muscle  were  recorded  isometrically 
Grass  force-displacement  transducer  ( 
and  model  5D  polygraph.  An  initial 
of  0.5  g  was  appHed  and  the  tissue 
equilibrated  for  1  hr  before  drug 
applied  to  the  bath.  Concentrat 
sponse  curves  were  obtained  by  adc 
creasing  doses  of  acetylcholine  at 
intervals.  Acetylcholine  was  remo^ 
washing  when  the  contractile  respor 
reached  its  peak.  When  the  effects  o 
methonium,  atropine,  tetrodotoxii 
phentolamine  on  the  responses  to  ace 
line  were  examined,  these  drugs  wt 
plied  for  1  hr  prior  to,  and  througho 
period  of  exposure  to  acetylcholine. 
Results  and  discussion.  Concentrat 
sponse  curves  of  acetylcholine  are  sh 
Fig.  1.  In  untreated  tissues,  the  mes 
centration-response  curve  of  acetyl 
was  biphasic.  Treatment  with  either 
carinic  antagonist  (atropine)  or  a  n 
antagonist  (hexamethonium)  separai 
atypical  curve  into  two  simple  con 
tion-response  curves.  The  muscari 
fects  of  acetylcholine  occurred  in  th< 
of  concentrations  from  10~*  to  1( 
while  nicotinic  effects  were  restric 
higher  concentrations,  approximate! 
to  3  X  10"^  M.  The  muscarinic  re« 
are  presumably  located  on  the  smool 
cle  cells.  The  nicotinic  effects  we; 
diated  by  release  of  norepinephrim 
they  were  antagonized  by  phentol 
suggesting  that  the  nicotinic  recept( 
located  on  adrenergic  neurons.  The 
vation  that  tetrodotoxin  did  not 
the  nicotinic  effects  suggests  that 
potentials  are  not  involved  in  the  rel 
norepinephrine  by  acetylcholine  in  t 
sue.  In  other  experiments  responses 
mouse  vas  deferens  to  transmural  el< 
stimulation  were  inhibited  by  tetrod 
Thus  the  results  are  consistent  wi 
location  of  excitatory  nicotinic  recepi 
adrenergic  nerve  terminals.  Similar  < 
sions  were  reached  from  studies  in  c 
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10"'         10"*         10"*         10"*         W 

ACKIM) 

Fig.  1.  Mean  concentration-response  curves  of 
acetylcholine  in  the  mouse  vas  deferens.  Vertical  bars 
represent  standard  errors.  The  number  of  observations 
at  each  point  ranged  from  4  to  12. 

guinea  pig  hearts  (S,  7),  cat  spleen  (6),  and 
rat  seminal  vesicle  (8). 

The  control  concentration-response  curve 
in  Fig.  1  differs  from  that  obtained  in  the 
mouse  vas  deferens  by  Jones  and  Spriggs 
(9),  who  found  that  responses  to  acetylcho- 
line were  linear  in  the  range  of  concentra- 
tions from  10~®  to  10"^  M.  Furthermore, 
the  mean  maximum  tension  developed 
(0.48  g)  was  considerably  less  than  we 
observed  in  controls  (1.28  g),  but  similar  to 
that  in  tissues  treated  with  hexamethonium 
(0.66  g).  It  is  possible  that  the  relatively 
short  time  intervals  between  doses  of  acetyl- 
choline (3  min)  used  by  Jones  and  Spriggs 
resulted    in    attenuation    of   nicotinic    re- 


sponses due  to  autoinhibition  as  shown  in 
the  rabbit  heart  by  Loffelholz  (10). 

Summary.  Relatively  low  concentrations 
of  acetylcholine  (<  10"^  M)  contract  the 
isolated  mouse  vas  deferens  by  interaction 
with  muscarinic  receptors.  Contractile  re- 
sponses to  higher  concentrations  (>  10"^ 
M)  may  be  due  to  release  of  norepinephrine 
following  interaction  of  acetylcholine  with 
nicotinic  receptors  on  adrenergic  nerve  ter- 
minals. 
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Effects  of  Fenfluramine  and  Norfenfluramine  on  Brain  Serotonin  Metabolism  In 
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Fenfluramine  [(m-trifluoromethyl)-N- 
ethyl-amphetamine]  is  an  anorectic  drug 
that  depletes  brain  serotonin  in  rats  (1).  A 
major  metabolite  of  fenfluramine  is  the  N- 
dealkylated  product,  norfenfluramine  (2). 
Norfenfluramine  is  structurally  similar  to 
m-chloroamphetamine  and  p-chloroamphe- 
tamine,  halogenated  amphetamines  with 
well-characterized  actions  on  brain  sero- 
tonin neurons.  We  did  the  experiments  de- 
scribed here  to  characterize  further  some  of 
the  effects  of  fenfluramine  and  norfenflura- 
mine on  parameters  of  serotonin  neuronal 
function  previously  measured  with  p-chlo- 
roamphetamine. 

Methods.  Male  Wistar  rats  (Harlan  Indus- 
tries, Cumberland,  Ind.)  weighing  130-150 
g  were  given  ip  injections  of  fenfluramine 
hydrochloride  or  norfenfluramine  hydro- 
chloride (A.  H.  Robins),  probenecid 
(Merck),  or  fluoxetine  hydrochloride  (Lilly). 
The  rats  were  killed  by  decapitation,  and 
whole  brains  were  rapidly  removed,  frozen 
on  dry  ice,  and  stored  at  -15°  prior  to 
analysis  of  serotonin  and  5-hydroxyindole- 
acetic  acid  (5-HIAA)  (3)  or  tryptophan 
hydroxylase  (4).  Monoamine  oxidase  in 
brain  mitochondria  was  determined  radi- 
ometrically  with  100  fiM  [*^C]serotonin 
(New  England  Nuclear)  as  substrate  (5). 

Results.  Acute  effects.  Within  30  min, 
both  fenfluramine  and  norfenfluramine 
caused  a  significant  depletion  of  brain  sero- 
tonin, the  levels  of  which  continued  to  de- 
cline throughout  the  4-hr  period  of  study 
(Table  I).  Though  norfenfluramine  depleted 
serotonin  more  than  did  fenfluramine,  the 
differences  between  the  two  drugs  were 
small.  Brain  5-HIAA  levels  did  not  change 
significantly  at  30  min  or  at  1  hr,  but  were 
decreased  at  2  and  4  hr. 

Since  monoamine  oxidase  inhibition  by 
p-chloroamphetamine  may  contribute  to  its 
lowering  of  5-HIAA  in  brain  (5),  we  com- 
pared the  effects  of  these  compounds  as 


inhibitors  of  monoamine  oxidase  in  vitro 
(Fig.  1).  Fenfluramine  and  norfenfluramine 
were  virtually  identical  in  their  ability  to 
inhibit  monoamine  oxidase  and  were  less 
than  one-tenth  as  active  as  p-chloroamphe- 
tamine. 

The  lowering  of  brain  serotonin  by  p- 
chloroamphetamine  is  probably  largely  at- 
tributable to  a  decrease  in  tryptophan  hy- 
droxylase (6).  Table  II  shows  that  both 
fenfluramine  and  norfenfluramine  de- 
creased tryptophan  hydroxylase  activity  aj 
well  as  serotonin  concentration  acutely  ir 
rat  brain. 

Long-term  effects.  Table  III  shows  tha 
serotonin  concentration  in  brain  was  de 
creased  significantly  still  at  1  week  after  th( 
administration  of  fenfluramine  or  norfeiv 
fluramine.  Serotonin  concentrations  wen 
not  changed  by  fenfluramine  and  norfen 
fluramine  in  rats  pretreated  with  fluoxetine 
an  inhibitor  of  uptake  into  serotonin  neu 
rons. 

The  turnover  of  serotonin,  measured  b] 
the  rate  of  accumulation  of  5-HIAA  aftei 
probenecid  injection,  was  significantly  de- 
creased in  rat  brain  1  week  after  fenflura- 
mine treatment  (Fig.  2). 

Discussion.  Our  findings  with  fenflura- 
mine and  norfenfluramine  generally  agree 
with  previously  published  data  in  areas  of 
overlap  and  extend  the  observations  that 
have  been  made  with  these  two  serotonin- 
depleting  drugs.  Our  results  (Table  I) 
showed  a  slightly  greater  and  more  rapid 
depletion  of  serotonin  by  norfenfluramine 
than  by  fenfluramine,  in  agreement  with 
data  of  Duhault  et  al.  (2).  Norfenfluramine 
may  contribute  substantially  to  the  effects 
observed  after  fenfluramine  injection,  espe- 
cially at  longer  times  (2). 

We  have  previously  suggested  that  p- 
chloramphetamine  exerts  multiple  actions 
on  brain  serotonin  neurons  — inhibition  ol 
tryptophan  hydroxylation,  inhibition  of  ser 
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TABLE    I.  Initial  Effects  of  Fenfluramine  and  Norfenfluramine  on  Brain  Serotonin  and  5- 

HIAA  IN  Rats.« 


Treatment 


Brain  5-hydroxyindoles  ifiglg) 


Time  (hr) 


Serotonin 


5-HIAA 


Control 

— 

0.55  ±  0.02 

Fenfluramine 

0.5 

1 

0.47  ±  0.02* 
0.37  ±  0.02' 

2 

0.30  ±0.01* 

4 

0.24  ±  0.01* 

Norfenfluramine 

0.5 

0.44  ±  0.02* 

1 

0.31  ±0.02* 

2 

0.21  ±0.005 

4 

0.19±0.0P 

0.56  ±  0.02 
0.54  ±  0.02 
0.59  ±  0.02 
0.47±0.0r 
0.38  ±0.01* 
0.58  ±  0.01 
0.52  ±  0.02 
0.47  ±  0.01* 

0.37  ±o.or 


fenfluramine  hydrochloride  and  norfenfluramine  hydrochloride  were  injected  at  15  mg/kg.  Mean  values 
ird  errors  for  five  rats  per  group  are  shown. 
»ignificantly  different  from  control  group,  P  <  0.05. 


■•lar  cMctitratiti 

G.  I.  Jn  vitro  inhibition  of  monoamine  oxidase 
nfluramine  (•),  norfenfluramine  (3),  andp-chlo- 
phetamine  (■).  All  determinations  were  made  in 
»te. 

TABLE  II.  Effect  of  Fenfluramine  and 
•rfenfluramine  on  Serotonin  Concentration 
D  Tryptophan  Hydroxylase  Acnvmr  in  Rat 
Brain." 


atment  group 


Serotonin  (figl 
g) 


Tryptophan 

hydroxylase 

(Mg/g/hr) 


ne 

ifluramine 

-fenfluramine 


0.63  ±  0.01 
0.27  ±  0.02* 
0.22±0.0r 


24.6  ±  0.5 

16.2  ±0.2* 

17.3  ±0.7* 


Fenfluramine  hydrochloride  and  norfenfluramine 
chloride  were  injected  at  15  mg/kg  6  hr  before 
>s  of  five  rats  were  killed. 
Different  from  saline  group,  P  <  0.001. 

in  uptake,  release  of  serotonin,  and 
jition  of  monoamine  oxidase  (7).  Fen- 
mine  may  also  exert  multiple  actions, 
inhibition  of  monoamine  oxidase  is 
ably  of  no  importance  in  fenfluramine's 
•n  based  on  the  comparative  data  in  Fig. 
hat  may  explain  why  5-HIAA  is  low- 


TABLE  III.  Prevention  of  the  Long-Term 

Depleting  Effects  of  Fenfluramine  and 

Norfenfluramine  on  Brain  Serotonin  in  Rats 

BY  Fluoxetine,  an  iNHiBrroR  of  Uptake  into 

Serotonin  Neurons." 


Brain  serotonin  (figlg) 


Treatment  group 


Control 


Fluoxetine- 
pretreated 


Saline 

Fenfluramine 

Norfenfluramine 


0.61  ±  0.01 
0.44  ±  0.02* 
0.44  ±  0.05* 


0.62  ±  0.01 
0.61  ±  0.02 
0.64  ±  0.01 


*  Different  from  saline  group,  P  <  0.025. 

°  Fenfluramine  hydrochloride  and  norfenfluramine 
hydrochloride  were  injected  at  15  mg/kg  1  hr  after 
fluoxetine  hydrochloride  (10  mg/kg)  and  1  week  before 
groups  of  five  rats  were  killed . 

ered  less  rapidly  than  serotonin  after  fen- 
fluramine (Table  I).  Though  inhibition  of 
tryptophan  hydroxylation  (Table  II)  (8) 
may  contribute  importantly  to  the  depletion 
of  serotonin  stores  by  fenfluramine,  the 
initial  result  of  fenfluramine  injection  ap- 
parently is  to  increase  the  concentration  of 
serotonin  in  the  neural  synapse  by  release 
and/or  inhibition  of  reuptake  (9,  10). 

Our  data  showing  decreased  serotonin 
turnover  1  week  after  fenfluramine  comple- 
ment the  observations  of  Clineschmidt  et  aL 
(11)  showing  decreased  serotonin  turnover, 
measured  by  the  rate  of  5-hydroxytrypto- 
phan  accumulation  following  decarboxylase 
inhibition,  8  days  after  fenfluramine. 

The  actions  of  fenfluramine  resemble 
closely  those  of  p-chloroamphetamine  on 
brain  serotonin  neurons  in  rats  (see  Table 
IV).  Both  drugs  are  actively  transported 
into  the  serotonin  neuron  and  then  exert 


204 


FENFLURAMINE    AND    BRAIN    SEROTONIN 


multiple  effects  including  release  of  sero- 
tonin, inhibition  of  serotonin  synthesis,  and 
depletion  of  serotonin  content.  The  deple- 
tion of  serotonin  persists  after  single  ip 
doses  of  both  drugs  for  weeks  or  months. 
Duhault  and  Boulanger  (27)  recently  re- 
ported that  serotonin  concentration  in  rat 
brain  returned  to  normal  within  48  hr  after 
discontinuing  long-term  oral  administration 
of  fenfluramine.  They  interpreted  their  re- 
sults as  conflicting  with   those   of  Cline- 


WHtn  attw  pralMKil  aiietiN 

Fig.  2.  Reduced  turnover  of  brain  serotonin  mea- 
sured by  rate  of  5-HIAA  accumulation  after  probene- 
cid in  rats  treated  1  week  earlier  with  fenfluramine. 
Probenecid  (200  mg/kg)  was  injected  at  zero  time; 
fenfluramine  hydrochloride  (15  mg/kg)  1  week  earlier. 
Solid  dots  indicate  controls;  half-filled  circles  indicate 
fenfluramine-pretreated  rats.  Mean  values  ±  standard 
errors  for  five  rats  per  group  are  shown. 


Schmidt  et  al.  (24)  and  of  Harvey 
McMaster  (25),  who  reported  long-las 
depletion  of  serotonin,  and  considered 
differences  in  strains  of  rats  might  \ 
been  important.  Strain  differences  seem 
likely  to  be  involved,  for  long-lasting  de 
tion  of  serotonin  by  fenfluramine  has 
been  observed  in  Wistar  rats  (this  stu 
Sprague-Dawley  rats  from  two  diffe 
breeders  (8,  26),  Holtzman  rats  (25),  ( 
Carworth  rats  (24),  and  Charles  River 
(11).  A  more  likely  basis  of  the  differe 
in  their  results  is  the  route  of  administra 
of  the  drug.  We  have  found  that  daily 
administration  of  p-chloroamphetamin 
the  diet  of  rats  produces  reversible  de 
tion  of  serotonin  (R.  W.  Fuller  and  o\\ 
unpubhshed  data),  whereas  ip  injec 
leads  to  irreversible  effects  (20). 

Summary.  Fenfluramine  and  its  N 
methyl  metabolite,  norfenfluramine  (3 
fluoromethyl-amphetamine),  lowered  b 
serotonin,  5-hydroxyindoleacetic  acid, 
tryptophan  hydroxylase  in  rats  acutely 
the  effect  persisted  for  more  than  1  v 
after  a  single  ip  dose  of  the  drugs.  Scroti 
depletion  by  fenfluramine  and  norfenfl 
mine  was  blocked  by  pretreatment 
fluoxetine,  an  inhibitor  of  uptake  into  s 
tonin  neurons.  Serotonin  turnover,  as  r 
sured  by  the  rate  of  5-hydroxyindolea< 


TABLE    IV.    SlMILAMTIES    BETWEEN    ip    DOSES   OF  p-CHLOROAMPHETAMINE   AND    FENFLURAMINE    IN    TeRM! 

THEIR  Effects  on  Brain  Serotonin  Neurons  in  Rats. 


Characteristic 


p-Chloroamphetamine 


Fenfluramine 


Requires  active  uptake  into  the 
serotonin  neuron,  inasmuch  as 
the  depletion  of  serotonin  is 
prevented  by  pretreatment  with 
an  uptake  inhibitor 

Decreases  not  only  serotonin  but 
also  other  parameters  associ- 
ated with  serotonin  neuronal 
function  -  tryptophan  hydroxyl- 
ase activity,  5-HIAA  concentra- 
tion, and  high-afflnity  uptake  of 
serotonin 

Depletion  of  brain  serotonin  per- 
sists for  weeks  or  months  after 
a  single  drug  dose 


Causes  histologic  changes  in  the 
midbrain  raphe  region  indica- 
tive on  cell  body  degeneration 


Meeke/fl/.  (12) 
Fuller  era/.  (13) 
Harvey  e/fl/.  (14) 
Fuller  and  Molloy  (7) 

Sanders-Bush  er  a/.  (6) 
Sanders-Bush  er  a/.  (8) 
Pletscher  er  fl/.  (15) 
Wong  era/.  (16) 
Miller  e/fl/.  (17) 


Sanders-Bush  er  a/.  (18) 
Sanders-Bush  et  al.  (8) 
Fuller  and  Snoddy  (19) 
Fuller  era/.  (20) 


Harvey  e/fl/.  (21) 
Harvey  e/  al.  (14) 


Ghezzierfl/.  (22) 
Garattini  er  a/.  (23) 
Clineschmidt  er  a/.  (II) 
This  paper 

Garattini  er  fl/.  (23) 
Clineschmidt  er  a/.  (11) 
Sanders-Bush  et  al.  (8) 
This  paper 


Clineschmidt  et  al.  (24) 
Clineschmidt  er  a/.  (11) 
Sanders-Bush  et  al.  (8) 
Harvey  and  McMaster  (25) 
Sherman  era/.  (26) 
This  paper 

Harvey  and  McMaster  (25) 
Harvey  e/fl/.  (14) 
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acid  accumulation  after  probenecid  admin- 
istration, was  decreased  significantly  still  at 
1  week  after  fenfluramine  administration. 
The  effects  of  fenfluramine  and  norfenflur- 
amine on  brain  serotonin  neurons  in  rats 
resemble  those  of  p-chloroamphetamine 
and  probably  occur  via  similar  mechanisms. 

We  are  grateful  to  Dr.  B.  V.  Qineschmidt  for  a 
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Vinblastine  sulfate,  an  alkaloid  of  the 
Vinca  rosea  group  which  is  a  potent  inhibi- 
tor of  cell  division,  has  been  used  for  many 
years  as  a  cancer  chemotherapeutic  agent. 
It  acts  by  inhibiting  the  assembly  of  micro- 
tubular  proteins  into  spindle  microtubules 
(1-3),  producing  a  metaphase  arrest  similar 
to  that  caused  by  colchicine,  that  has  been 
observed  in  vitro  and  in  vivo  (1 ,  2).  In  spite 
of  the  similarity  of  their  effects  on  cells,  the 
mechanism  of  action  of  vinblastine  (Vb) 
and  colchicine  is  probably  different  (3-5). 
Any  drug  or  agent  capable  of  prolonging 
the  G2  phase  or  mitosis,  permitting  prema- 
ture centriole  replication  and  maturation  of 
daughter  centrioles,  may  induce  multipolar 
spindles,  leading  frequently  to  cellular 
death,  defective  cytokinesis,  and  multinu- 
cleated tetraploid  cells  (6,  7).  Irradiated 
cultured  mouse  cells  (7)  and  Earle's  L  cells 
exposed  to  Vb  (4)  have  been  noted  to  have 
more  than  one  pair  of  centrioles,  and  to 
undergo  multipolar  mitosis  with  abnormal 
chromosomal  grouping  (7)  and  multinuclea- 
tion  (4).  We  have  found  that  exposure  of 
HeLa  cells  to  low  concentrations  of  Vb 
produces  similar  effects,  with  high  yields  of 
multinucleated  cells  (8). 

The  purpose  of  this  study  was  to  define  a 
discrete  period  in  the  cell  cycle  during  which 
events  take  place  that  are  esp)ecially  sensi- 
tive to  vinblastine,  in  the  hop)es  of  uncover- 
ing at  least  one  cell  cycle  region  which  is 
critical  for  the  formation  of  an  intact  mitotic 
spindle.  This  was  approached  by  determin- 
ing the  p)eriod  of  the  cell  cycle  during  which 
Vb  causes  multinucleation. 

Materials  and  methods.  Cell  culture.  HeLa 
S  3  cells  were  grown  in  monolayers  in  950- 
ml  glass  bottles  in  Eagle's  minimal  essential 
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medium,  supplemented  with  10% 
activated  fetal  calf  serum  and  1? 
mine. 

Cell  volume  and  number  were  ( 
with  an  electronic  particle  counter  i 
Electronics  Inc.)  equipped  with  a  \ 
nel  particle  size  distribution  a 
Model  B. 

Vh  dose  and  time  of  exposure  for 
multinucleation .  Exponentially 
monolayers  of  HeLa  cells  were  trea 
different  concentrations  of  Vb  (C 
1 .0  /xg/ml  of  culture  medium)  for 
periods  of  time  (30  min  to  4  hr 
removal  of  Vb,  the  cell  monolaye 
washed  with  warm  phosphate-buff 
line  and  placed  at  7>T  with  fresh  i 
At  2-hr  intervals,  for  a  p)eriod  o1 
mitotic  cells  were  removed  from 
flasks  by  gentle  rocking  of  the  medi 
the  monolayers  (9,  10)  and  seed 
sterile  glass  coverslips  attached  t 
rings,  which  were  placed  in  petr 
(11).  The  concentration  of  cells  • 
coverslip  ranged  from  2  to  5  x  lOV 

The  cells  were  allowed  to  attact 
grow  on  the  glass  for  20  to  24  h 
incubated  at  37^  in  a  humidified  atnn 
of  5%  CO2  in  air.  Then,  the  a 
were  fixed  in  Carnoy  fixative  (3:1  < 
acetic  acid)  and  stained  with  0.5%  t 
blue  (TB)  for  light  microscopy  obs€ 
The  percentage  of  multinucleated  ( 
calculated  by  counting  600  to  120( 
different  times  and  variable  Vb  co 
tions. 

HeLa  cell  cycle  analysis.  The  p 
the  cell  cycle  (Gl,  S,  G2)  were  t 
scoring  the  proportion  of  labele* 
phases  (12-14).  The  cells  were  gi 
coverslips  in  p)etri  dishes  for  24  h 
undergoing  a  30-min  exposure  to 
containing  0.5  /xCi/ml  (sp  act,  7  Ci, 
of  tritiated  thymidine.  After  expos 
radioactive  medium  was  removed, 
cells  were  placed  at  37**  in  fresh 
with  an  atmosphere  of  5%  CO2  ir 
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i  intervals,  for  a  p)eriod  of  24  hr, 
slips  with  cell  monolayers  were  re- 
el and  prepared  for  autoradiography, 
uration  of  phases  of  the  cell  cycle  was 
nined  from  the  curve  depicting  the 
)f  appearance  and  disapp)earance  of 
d  mitoses  (13)  (Fig.  1).  Mitotic  figures 
phases)  with  four  or  more  grains  were 
lered  labeled.  Background  grains  were 
to  one  grain  per  cell  cytoplasm.  For 
cx)verslip,  a  minimum  of  250  mitotic 
s  was  scored. 

«led  cells  in  metaphase  first  app)eared 
en  2  and  3  hr  (minimal  G2  +  V2 
is)  after  exposure  to  tritiated  thymi- 
One-half  of  the  time  for  mitosis  was 
I  because  mitoses  were  scored  in  me- 
se,  which  is  about  the  midpoint  of 
is.  The  frequency  of  labeled  meta- 
cells  rose  to  98%  at  10  hr  after  point 
maximal  G2  +  V2  mitosis).  The  aver- 
r2  -»-  V2  mitosis  was  4.5  hr  as  deter- 
I  by  the  time  between  exposure  and 
t  which  50%  of  metaphase  cells  were 
d.  At  19  to  20  hr  the  proportion  of 
A  mitoses  declined  2.5%. 
;  duration  of  S  phase  was  obtained 
the  difference  between  the  two  times 
lich  50%  labeling  occurred,  and  was 
to  be  10hr(Fig.  1). 
yeling  of  multinucleated  cells,  Expo- 
illy  growing  monolayers  of  HeLa  cells 
treated  simultaneously  with  0.01  /Lig/ 
Vb  and  0.5  /LiCi/ml  of  tritiated  thymi- 
for  a  period  of  30  min.  After  removal 
ese  compounds  by  washing  several 


4  •  12  16  20 

TME  AFTER  PULSE  LABEL(hrsJ 

1 .  HeLa  5  phase  of  the  cell  cycle  determined 
ing  at  bouriy  intervals  the  proportion  of  labeled 

cells  (metaphases)  after  30-min  exposure  to 
'i/ml  of  [^Ithymidine. 


times  with  warm  phosphate-buffered  saline, 
the  cultures  were  shaken  at  2-hr  intervals, 
for  a  p)eriod  of  24  hr,  to  obtain  mitotic 
cells,  which  were  plated  out  on  coverslips 
by  the  method  described  above  for  optimal 
multinucleation.  One-half  of  the  coverslips 
were  processed  for  light  microscopy  and  the 
other  half  for  autoradiography. 

Autoradiography,  Coverslips  were  fixed 
in  3:1  ethanol-acetic  acid  at  0**,  rinsed  in 
ethanol,  mounted  cell-side-up  on  a  micro- 
scopic slide  and  dipped  in  Kodak  NTB  3 
liquid  emulsion  (diluted  1:1  with  distilled 
water  at  43**).  The  slides  were  then  exposed 
in  a  dry,  dark  atmosphere  (sealed  box  con- 
taining desiccant)  at  4**  for  2  days.  After 
exposure,  the  coverslips  were  develop)ed  in 
Kodak  D-19  developer  for  2  min  at  20^, 
fixed  in  Kodak  acid  fixer,  washed  for  5  min 
in  running  water,  dried,  and  stained  through 
the  emulsion  with  0.5%  TB. 

Effect  of  inhibition  of  DNA  synthesis  on 
Vb'produced  multinucleation .  Randomly 
growing  monolayers  of  HeLa  cells  were 
exposed  to  inhibitors  of  DNA  synthesis  (17, 
18)  [hydroxyurea  (HU),  2  mAf)  and  cyto- 
sine  arabinoside  (Ara  C,  10  /xg/ml)]  for  a 
period  of  1  hr.  During  the  second  half-hour 
of  exposure,  0.01  /xg/ml  of  Vb  was  added. 
Simultaneous  controls  were  exposed  only  to 
Vb  in  all  experiments.  Afterward,  the  cells 
were  washed  and  incubated  with  fresh  me- 
dium. At  2-hr  intervals,  until  6  hr  had 
elapsed  from  removal  of  the  inhibitors,  mi- 
totic cells  were  collected  by  shaking  the 
cultures,  seeded,  incubated  for  20-24  more 
hr,  and  then  fixed. 

Results.  The  ability  of  Vb  to  produce 
multinucleation  in  HeLa  cells  was  used  to 
define  a  period  of  the  cell  cycle  which 
determines  the  successful  outcome  of  sub- 
sequent mitosis.  This  was  accomplished  by 
determining  the  period  of  the  cell  cycle  of 
maximal  sensitivity  to  Vb. 

Maximal  multinucleation  [16  ±  8%(SD)] 
was  found  when  cells  were  exposed  to  0.01 
/xg/ml  of  Vb  for  30  min,  starting  at  5  hr  26 
min  before  mitosis  (Table  I),  a  period  which 
is  in  late  S,  but  close  to  the  S-G2  boundary 
of  most  cells  in  these  cultures.  The  majority 
of  the  multinucleated  cells  had  2  to  6  nuclei 
(Fig.  2),  but  cells  with  10  to  18  were  not 
infrequent.  Simultaneous  exposure  to  Vb 
and  tritiated  thymidine  showed  that  DNA 
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Fig.  2.  Multinucleated    cell    obtained    after    30-min    exposure    to    0.01     fig/ml    of   vinblastine,   6 
prior  to  mitosis,  and  fixed  20  hr  later.  Toluidine  blue,  x  400. 


synthesis  was  taking  place  during  the  period  multinucleated  cells  was  less  than  that 

in  which  Vb  produced  multinucleation.  It  mononuclear   cells.   This   might   have 

was  observed  that  100%  of  the  multinucle-  curred  because  Vb-affected  cells  were  th 

ated  cells  incorporated  the  radioisotope,  but  members  of  the  culture  which  were  trav 

the  intensity  of  autoradiographic  labeling  of  ing  the  end  of  the  DNA  synthetic  phas( 
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I.  Dose-Related  Vinblastine-Induced 

LTINUCLEATION  (0.5-hr  EXPOSURE). 


I)             Peak  time" 

Maximal  mul- 
tinucleation 
(%) 

2hr 

8 

6hr 

10 

5  hr,  26  min 

16 

6hr 

13.0 

4  hr,  30  min 

14 

4hr 

12 

6hr 

11 

6hr 

7 

1  mean,  5  hr,  6  min  ±  1  hr,  34  min  (SD). 
md  maximal  multinucleation  represent  av- 

:xperiments. 

:periments. 

cperiments. 

vb  aoi  ug^ 

Vb  aon  ufl/rm^AraCdOug^U) 
Vb  aOl  ug/nnl^HU(2mM) 


OF  COLLECTION  (hrtJ 

Exponentially  growing  monolayers  of 
were  exposed  to  vinblastine  (Vb),  Vb  + 
abinoside  (Ara  C),  and  Vb  +  hydroxyurea 
I  hr.  After  removal  of  the  drugs,  mitotic 
collected,  seeded  on  coverslips,  and  incu- 
0-24  hr.  After  this  period,  coverslips  were 
xamined  microscopically  for  determination 
ge  of  multinucleated  cells. 


ycle,  and  the  period  of  exposure  to 
^isotope  included  only  a  few  min- 
he  S  phase,  or  because  Vb  inter- 
h  the  uptake  of  the  isotope, 
lent  with  inhibitors  of  DNA  syn- 
rkedly  reduced  the  multinucleation 
I  by  Vb  (Fig.  3). 

uon.  The  sequential  events  which 
:ell  reproduction  are  poorly  under- 
le  main  landmarks  are  DNA  syn- 
j  mitosis,  but  it  is  obvious  that  a 
nber  of  processes  must  occur  in 
rder  to  ensure  cell  division.  It  is 
ell  established  that  histone  synthe- 


sis is  coupled  to  DNA  synthesis  (15,  16, 
19),  and  it  would  also  appear  that  mitotic 
spindle  formation  takes  place  during  early 
stages  of  mitosis  (20,  21).  It  seems  reason- 
able to  assume  that  events  preparatory  for 
the  spindle  must  precede  formation  of  the 
visible  spindle.  Work  reported  here  suggests 
that  events  crucial  for  orderly  assembly  of 
the  spindle  microtubules  take  place  shortly 
before  replication  of  the  chromosomes  is 
completed.  This  would  explain  the  observed 
maximal  disruptive  effect  near  the  S-G2 
boundary.  This  conclusion  is  supported  by 
the  inhibitory  effect  of  hydroxyurea  and 
cytosine  arabinoside,  since  some  DNA  syn- 
thesis appears  to  be  necessary  for  the  Vb- 
sensitive  microtubule  formative  events  to 
take  place.  It  would  appear,  therefore,  that 
the  last  period  of  chromosome  replication  is 
accompanied  by  events  which  are  prepara- 
tory for  microtubule  assembly  and  are  ex- 
quisitely sensitive  to  Vb. 

Summary,  The  ability  of  Vb  to  produce 
multinucleation  in  HeLa  cells  was  used  to 
define  a  period  of  the  cell  cycle  with  special 
sensitivity  to  vinblastine.  Exponentially 
growing  monolayers  of  HeLa  cells  were 
treated  with  Vb  for  30  min.  After  removal 
of  Vb,  mitotic  cells  were  collected,  seeded 
on  coverslips,  and  examined  microscopi- 
cally. Maximal  multinucleation  was  found 
when  the  cells  were  treated  with  Vb  about  5 
hr  before  mitosis,  the  period  of  time  which 
corresponds  to  the  late  S,  close  to  the  S-G2 
boundary  of  these  cells.  Simultaneous  ex- 
posure to  Vb  and  pHJthymidine  showed 
that  DNA  synthesis  was  taking  place  during 
the  period  of  maximal  sensitivity  to  Vb,  and 
treatment  and  inhibitors  of  DNA  synthesis 
abolished  this  Vb  effect.  These  findings 
indicate  that  events  take  place  near  the  end 
of  the  S  phase  which  affect  the  integrity  of 
the  spindle  at  the  subsequent  mitosis. 
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ty  and  Swenerton  (1)  reported  that 
It  adult  rats  were  unable  to  release 
nt  quantities  of  bone  zinc  to  meet 
nands  of  the  developing  fetus  during 
ly  period  of  dietary  zinc  deficiency 
icluded  that  in  the  mature  skeleton 
n  bone  is  not  available  to  the  rat 
I  the  face  of  demonstrated  need." 
2r,  more  recently  Harland  et  al.  (2) 
ed  that  bone  may  store  zinc  con- 
in  excess  of  the  requirement  and 
s  zinc  may  be  available  for  utilization 
a  subsequent  period  of  zinc  depriva- 
lie  studies  used  young,  immature 
;e  quail.  The  purpose  of  the  reported 
lent  was  to  monitor  bone  and  zinc 
and  to  determine  if  the  net  zinc 
of  bone  was  altered  during  the 
>ment  of  a  zinc  deficiency  in  the 
growing  rat. 

rials  and  methods.  One  hundred 
/eanling  (45-50  g)  Sprague-Daw- 
^  were  housed  in  individual  stainless- 
iges  free  of  solder.  Deionized  water 
>  ppm  zinc)  was  provided  ad  libitum. 
imals  were  divided  into  three  experi- 
groups  of  comparable  body  weight 
I  the  following  diets:  zinc  sufficient, 
um;  zinc  deficient,  ad  libitum;  and 
fficient,  pair-fed  by  restricting  the 
:  daily  intake  to  that  of  the  zinc- 
it  group. 

e  of  these  data  were  presented  at  the  Fifty- 

inual  Meeting  of  the  Federation  of  American 

for  Experimental  Biology,  Atlantic  City,  New 

.pril  13-18,  1975. 

animals  were  maintained  in  animal  care  facil- 

edited  by  the  American  Association  for  Ac- 

»n  of  Laboratory  Animal  Care. 

;nt  address:  Vitamin  and  Mineral  Nutrition 

ry.  Nutrition  Institute,  U.S.  Department  of 

re.  BcltsvUlc,  Maryland  20705. 

;nt  address:  Johns  Hopkins  University,  School 

ne.  Department  of  Pharmacology  and  Exper- 

herapeutics,  Baltimore,  Maryland  21205. 

es  River  Breeding  Laboratories,  Wilming- 

achitsetts  01887. 
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The  composition  of  the  basal  diet  has 
been  described  elsewhere  (3).  The  basal 
diet  (1.5  /Lig  of  Zn/g  of  diet)  was  supple- 
mented with  ZnCOa  to  give  a  total  of  93 
mg  of  Zn/kg  for  the  zinc-sufficient  diet. 

Upon  arrival,  six  rats  were  sacrificed  to 
provide  baseline  values.  Four  rats  in  the 
zinc-sufficient,  ad  libitum  group  were  sacri- 
ficed on  Days  9  and  13,  while  three  were 
sacrificed  on  Day  23.  Four  rats  in  the  pair- 
fed  zinc-sufficient  group  were  sacrificed 
twice  weekly.  Six  rats  in  the  zinc-deficient, 
ad  libitum  group  were  sacrificed  on  Days, 
1,  2,  and  3  of  the  experiment  and,  thereaf- 
ter, twice  weekly. 

Animals  were  sacrificed  under  light  ether 
anesthesia.  Blood  was  collected  in  poly- 
ethylene syringes  with  stainless-steel  needles 
and  polypropylene  hubs.  Two  drops  of  a 
30%  sodium  citrate  solution  were  added  to 
each  sample  as  an  anticoagulant.  Any  hem- 
olyzed  samples  were  discarded.  The  right 
femur  was  removed,  stripped  of  tissue,  and 
dried  to  a  constant  dry  weight  in  a  vacuum 
oven  at  70**. 

Plasma  and  bone  for  all  animals  were 
analyzed  for  zinc  using  atomic  absorption 
spectrophotometry  after  acid  digestion  us- 
ing a  mixture  of  HCIO4  and  H2O2  (3).  Bone 
from  animals  sacrificed  at  0,  9,  16,  and  23 
days  of  the  experiment  was  analyzed  for 
calcium  by  atomic  absorption  spectropho- 
tometry* and  phosphorus  by  the  colorimet- 
ric  method  of  Fiske  and  Subbarow  (4). 

Results.  Figure  1  shows  the  weight  gain  of 
all  three  groups  of  rats.  After  the  second 
day  of  treatment  the  zinc-deficient  group 
displayed  a  retarded  growth  rate,  and  after 
3  days  there  was  little  increase  in  weight  for 
the  remainder  of  the  experiment.  The  zinc- 
sufficient  pair-fed  group  grew  at  a  rate  inter- 
mediate to  the  other  groups. 

*  '^Analytical  Methods  for  Atomic  Absorption  Spec- 
trophotometry." Perkin  Elmer  Corp.,  Norwalk,  Con- 
necticut (1973). 
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Plasma  zinc  (Fig.  2)  for  the  zinc-deficient 
group  dropped  55%  (107  to  48  /xg/ml,  P  < 
0.001)  after  1  day  of  dietary  deficiency.  The 
plasma  zinc  decreased  an  additional  16% 
(to  31  /Ltg/ml,  P  <  0.001)  by  Day  3,  for  a 
total  of  71%  (107  to  31  /xg/ml,  P  <  0.001), 
and  then  remained  relatively  constant  for 
the  rest  of  the  experiment.  The  plasma  zinc 
of  the  zinc-sufficient  and  pair-fed  controls 
remained  in  the  normal  range  throughout 
the  experimental  period. 

Femur  concentration  of  zinc  in  the  zinc- 
deficient  group  decreased  steadily  until  Day 
13  (Fig.  3),  when  the  mean  level  was  61% 
(150  to  58  /Ltg/g  dry  weight,  P  <  0.001)  less 
than  baseline.  In  contrast,  the  sufficient  and 
pair-fed  groups  increased  their  femur  zinc 
concentrations  from  the  baseline.  The  mean 
total  zinc  content  of  the  femurs  from  the 
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Fig.  1 .  Body  weight  during  the  development  of  a 
zinc  deficiency. 


Fig.  2.  Plasma  zinc  during  the  development  of  a 
zinc  deficiency.  Hemolyzed  samples  were  discarded. 
Each  point  represents  four  to  six  samples,  except  for 
three  samples  on  Day  23  of  zinc-sufficient,  ad  libitum 
diet. 
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Fig.  3.  Femur  zinc  concentration  and  total  femur 
zinc  during  the  development  of  a  zinc  deficienc>. 

zinc-deficient  rats  decreased  21%  (11.7  to 
9.2  /xg/femur,  P  <  0.05)  by  Day  3  and  then 
decreased  more  gradually  to  an  overall  de- 
crease of  37%  (11.7  to  7.4  /Ltg/femur,  P  < 
0.01)  on  Day  23.  The  zinc-sufficient  rats 
showed  a  steady  increase  in  the  total  zinc 
content  of  their  femurs.  The  pair-fed  group 
also  increased  its  total  femur  zinc,  though  at 
a  lesser  rate.  As  the  experiment  progressed, 
the  femurs  increased  in  weight  for  all 
groups,  including  the  zinc-deficient  rats 
(Fig.  4).  However  the  increase  was  least  for 
the  zinc-deficient  group,  while  the  pair-fed 
group  had  an  intermediate  gain  in  femur 
weight. 

Table  I  shows  that  although  the  total  and 
concentration  of  calcium  and  phosphorus 
increased  in  the  femurs,  regardless  of  treat- 
ment, the  calcium  to  phosphorus  ratio  re- 
mained relatively  constant  over  the  dietary 
period.  All  three  groups  had  radios  ranging 
between  1.80  and  2.03.  However,  the  cal- 
cium and  phosphorus  accumulation  in  fe- 
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t  zinc-deficient  group  was  signifi- 
es <  0.05)  than  that  in  the  other 
the  end  of  the  experimental  pe- 
rn. The  present  data  are  in  agree- 
previous  reports  that  during  the 
in  acute  zinc  deficiency,  plasma 
ses  drastically  over  the  first  24  hr 
lies  to  decline  for  the  next  2  days 
rthermore,  in  this  experiment 
ttle  body  weight  gain  after  3  days. 
:  concentration  declii^pd  steadily 
3th  day  of  the  deficiency.  These 
neters,  body  weight,  plasma,  and 
^ntration,  are  commonly  used  to 
status  and  clearly  indicate  a  zinc- 
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^mur  weight  during  the  development  of  a 


deficiency  state  by  the  end  of  the  experi- 
mental period.  However,  the  time  course  of 
the  decline  was  different  for  each  parame- 
ter. Plasma  zinc  responded  quickly  to  the 
dietary  zinc  inadequacy,  whereas  femur  zinc 
concentration  decreased  slowly.  This  may 
indicate  most  accurately  the  gradual  deteri- 
oration of  the  overall  zinc  status  of  the 
animal. 

The  total  femur  zinc  of  the  zinc-deficient 
group  decreased  37%  over  the  experimental 
period.  Extrapolation  of  the  femur  data  to 
the  whole  skeleton  suggests  that  an  appre- 
ciable net  amount  of  zinc  was  lost  or  re- 
leased during  the  developing  zinc  deficiency 
in  these  young  growing  rats.  However,  the 
released  zinc  was  not  available  and/or  insuf- 
ficient to  prevent  the  eventual  zinc  defi- 
ciency. The  total  net  quantity  of  skeletal 
zinc  released  can  not  be  estimated  from  our 
data  since  the  different  types  of  skeletal 
bone  may  have  zinc  concentrations  differing 
from  that  of  the  femur.  Also,  zinc  may  be 
released  at  different  rates  for  different 
bones. 

Our  data  indicate  that  some  zinc  in  bone 
is  released  during  a  zinc  deficiency.  This 
supports  the  results  of  Harland  et  al.  (2). 
Both  investigations  used  immature  animals, 
whereas  Hurley  et  al.  (1)  concluded  that 
zinc  was  not  released  from  the  skeleton  of 


LE    I.  Femur  Calcium  and  Phosphorus  during  the  Development  of  Zinc  DEnaENCY. 


Number 
of  sam- 
ples 

Calcium 
(mg/femur)        (mg/g  dry  wt) 

Phosphorus 

(mg/femur) 

(mg/g  dry 
wt) 

Ca:P 

0 

6 

12.4  ±2.7* 

159  ±  20 

6.5  ±  1.6 

83  ±  13 

1.92  ±0.11 

iitum 

4 

29.1  ±  3.7» 

197  ±  10» 

15.6  ±  2.6° 

105  ±  5° 

1.88  ±0.18° 

Id 

4 

23.3  ±  2.8* 

193  ±  12« 

12.1  ±  1.5* 

101  ±  9° 

1.92  ±0.07° 

itum 

6 

20.1  ±  1.1* 

188  ±  14« 

10.3  ±  0.7* 

97  ±8° 

1.95  ±  0.15° 

turn 

4 

43.4  ±  4.5° 

207  ±  7» 

21.7  ±  1.8° 

104  ±  1° 

2.00  ±  0.06° 

:d 

4 

34.4  ±  3.6* 

195  ±  3* 

17.5  ±2.1* 

99  ±4° 

1.97  ±0.08° 

itum 

6 

25.5  ±  1.6^ 

188  ±  9* 

12.6  ±  1.1^ 

93  ±4* 

2.03  ±  0.09° 

turn 

3 

52.8  ±  8.3° 

228  ±  9° 

28.1  ±  3.9° 

121  ±4° 

1.88  ±0.04° 

;d 

4 

38.8  ±  3.8* 

221  ±  11» 

21.5  ±  1.9* 

123  ±  5° 

1.80  ±0.03° 

itum 

6 

27.6  ±  2.8^ 

199  ±  9* 

14.9  ±  1.4*^ 

107  ±  5* 

1.86  ±0.05° 

nc  sufficient;  ZnD  =  zinc  deficient. 

ndard  deviation;  means  within  the  same  treatment  day  with  different  superscripts  are  significantly 

:  0.05.  The  data  were  subjected  to  one-way  analysis  of  variance  and  the  means  compared  using 

tiple  range  test  (5). 

f  23  all  calcium  and  phosphorus  parameters  were  significantly  different  from  their  respective 

s  (P  <  0.05).  The  Ca:P  ratios  were  not  significantly  different  from  the  baseline. 
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older  pregnant  rats.  Thus,  a  major  factor  in 
the  release  of  bone  zinc  during  periods  of 
deprivation  appears  to  be  the  stage  of  skel- 
etal maturity.  The  kinetics  and  mechanisms 
of  the  zinc  release  still  need  to  be  defined. 

Although  the  total  femur  zinc  decreased 
37%,  the  femur  zinc  concentration  de- 
creased by  61%.  This  discrepancy  can  be 
partially  explained  by  changes  in  the  femur 
weight.  The  femur  continued  to  increase  in 
weight  during  zinc  deficiency,  although  at  a 
decreased  rate  compared  to  the  control 
groups.  Thus,  the  large  decrease  in  bone 
zinc  concentration  could  be,  in  part,  due  to 
a  "dilution"  resulting  from  the  increased 
femur  weight.  In  addition,  the  decrease  in 
total  zinc  contributed  to  the  decreased  con- 
centration. The  femurs  increased  in  weight 
during  a  period  of  a  decrease  in  body  weight 
as  the  deficiency  developed.  We  did  not 
measure  femur  length  and  thus  were  unable 
to  determine  if  linear  growth  contributed  to 
this  weight  gain  of  the  femurs. 

The  femur  weight  gain  for  the  zinc-defi- 
cient group  appears  to  be  due  to  an  increase 
in  bone  mineralization.  Both  the  total  and 
concentration  of  calcium  and  phosphorus 
increased  as  the  deficiency  developed  while, 
concomitantly,  zinc  (total  and  concentra- 
tion) was  decreased.  Furthermore,  the  Ca:P 
ratio  remained  relatively  constant.  There- 
fore, the  decrease  in  zinc  appears  to  be 
independent  from  calcium  and  phosphorus 
in  the  bone.  Thus,  zinc  may  not  be  neces- 
sary in  a  precise  ratio  to  calcium  or  phos- 
phorus, but  rather  as  a  cofactor  or  catalyst 
in  the  mineralization  process. 

Summary.  Alterations  in  bone  minerali- 
zation were  examined  during  the  progres- 
sion of  a  zinc  deficiency  in  rats.  One 
hundred  rats  were  divided  into  three  groups 
and  fed  the  following  diets:  zinc  sufficient, 


ad  libitum;  zinc  deficient,  ad  libitum;  and 
zinc  sufficient,  pair-fed  the  daily  intake  of 
the  deficient  group.  Plasma  zinc  concentra- 
tion of  the  zinc-deficient  group  decreased 
dramatically  during  the  first  24  hr  of  defi- 
cient diet  and  continued  to  decline  over  the 
next  2  days.  Body  weight  gain  essentially 
stopped  after  1  week.  During  the  experi- 
mental period  of  23  days,  femur  zinc  con- 
centration decreased  61%,  while  total  fe- 
mur zinc  decreased  37%.  Yet,  both  the 
total  and  concentration  of  calcium  and  phos- 
phorus increased  and  the  Ca:P  ratio  re- 
mained relatively  constant.  The  present 
data  indicate  that  zinc  can  be  released  from 
bone  during  periods  of  dietary  zinc  defi- 
ciency. Furthermore,  the  decrease  in  zinc 
appears  to  be  independent  from  calcium 
and  phosphorus  in  the  bone. 

The  authors  thank  M.  P.  Howard  for  her  excellent 
technical  assistance  and  Dr.  N.  R.  Calhoun  for  helpful 
discussions. 
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ice  of  Malnutrition  on  the  Concentration  of  IgA,  Lysozyme,  Amylase,  and 
Aminopeptidase  in  Children's  Tears^  (40024) 
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i-calorie  malnutrition  (PCM)  sig- 
increases  susceptibility  to  infec- 
lildren  (1).  This  may  be  caused  by 
ired  cellular  immunity  often  ol> 
PCM  children  (2)  or  by  suppres- 
imoral  immunity  and  its  associated 
phagocytosis  and  complement  (3). 
,  malnourished  children  often  have 
r  increased  levels  of  serum  immu- 
ns  (4,  5).  Most  initial  infections 
or  near  mucosal  surfaces  which 
cted  from  pathogens  by  secretory 
to  a  lesser  extent  IgM,  IgG,  and 
(6).  A  reduction  in  the  relative 
ition  of  IgA  in  the  total  protein 
rom  the  nasopharyngeal  surfaces 
reported  in  severely  malnourished 
(4).  In  this  paper  we  report  the 
moderate  as  well  as  severe  PCM 
dified  tears  (lacrimal  secretions), 
ations  of  locally  produced  IgA, 
,  and  amylase  are  compared  to 
rived  components  in  tears. 
lis  and  methods.  Study  population. 
r  children  of  both  sexes  were  re- 
>r  the  study  in  two  health  centers 
!^lombia.  The  children  ranged  in 
2  to  5  years,  with  a  mean  of  3.75 
1  came  from  the  same  uniformly 
economic  background.  Informed 
vas  obtained  from  the  mother  of 
d  prior  to  recruitment  into  the 
1  the  days  that  the  samples  were 
ch  child  was  examined  thoroughly 
itrician  (MAR)  for  signs  of  disease 
liarrhea,    cough,    skin    eruptions, 
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etc.).  Children  with  overt  clinical  signs  were 
not  sampled.  The  nutritional  status  of  each 
child  was  determined  by  physical  examina- 
tion and  weight-for-height  using  standard 
curves  for  Colombian  children  developed 
by  the  Instituto  Colombiano  de  Bienestar 
Familiar  (Colombian  Institute  of  Family 
Welfare).  Since  such  athropometric  indexes 
are  influenced  by  genetic  differences  be- 
tween populations,  it  is  important  to  use  a 
standard  curve  which  has  been  developed 
in  the  population  from  which  the  study 
sample  is  drawn.  The  ICBF  weight  for 
height  scale  has  been  found  to  assign  a 
nutritional  status  comparable  to  that  ob- 
tained using  the  widely  accepted  Gomez 
classification  (7).  Using  this  scale.  Grade  I 
children  fall  into  80-90%,  Grade  II  into 
70-80%,  and  Grade  III  less  than  70%  of 
the  normal  standard.  By  these  criteria,  27 
of  the  children  were  normal,  11  were  Grade 
I,  9  were  Grade  II,  and  17  were  grade  III 
malnourished. 

Immunoglobulin  and  enzyme  assays.  Se- 
rum was  stored  at  -20*".  Tears  were  col- 
lected in  2  X  5  X  2-mm  sterile  sponges 
(Week  eel,  E.  Week  and  Co.,  N.Y.)  that 
were  placed  between  the  eyeball  and  the 
lower  conjunctiva  for  30-60  sec.  The  fluid 
was  extracted  from  the  wet  sponge  by 
compression  into  the  bottom  of  a  small 
polyethylene  tube  with  a  capillary  pipet.  A 
sample  was  taken  from  each  eye  on  two 
different  occasions  3-5  days  apart.  The 
tears  were  pooled  and  stored  at  4^. 

Serum  IgG,  IgA,  IgM,  and  IgD  were 
measured  by  radial  immunodiffusion  (8) 
using  monospecific  antisera  (Meloy  Lat>o- 
ratories,  Springfield,  Va.).  IgA  and  IgG 
were  quantitated  in  tears  using  commercial 
immunodiffusion  plates  for  low  concentra- 
tions (Hyland,  Costa  Mesa,  Calif.).  Human 
secretory  IgA  isolated  from  saliva  (gift  of 
Hyland  Company)  has  a  45%  lower  mea- 
sure level  than  its  known  concentration. 
Therefore  the  concentration  of  IgA  ob- 
tained with  the  serum  IgA  standards  was 
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multiplied  by  2.1  to  give  the  concentration 
of  dimeric  secretory  IgA  (S-IgA).  Total 
protein  in  serum  and  secretions  was  mea- 
sured by  the  technique  of  Lowry  et  aL  (9), 
modified  to  require  only  1  /Ltl  of  sample. 
Albumin  in  tears  was  quantitated  using  low- 
level  immunodiffusion  plates  (Hyland).  Se- 
rum albumin  was  measured  by  the  method 
of  Doumas  et  al.  (10).  Lysozyme  (murami- 
dase)  activity  in  tears  was  measured  based 
on  hydrolysis  of  Micrococcus  lysodeikticus 
in  agar  plates  (11).  Purified  hen's  egg  lyso- 
zyme was  used  as  a  standard.  Lysozyme 
values  were  multiplied  by  a  factor  of  2,  as 
Bonavida  et  aL  (12)  have  shown  that  the 
specific  activity  of  human  lysozyme  is  twice 
that  of  hen's  egg  lysozyme  used  as  the 
standard.  Methionine  aminopeptidase  activ- 
ity was  measured  in  1  /liI  of  tears  using  a 
modified  assay  for  aminopeptidase  in  bac- 
teria (13)  by  hydrolysis  of  0.4  ml  of  lO'^^  M 
L-methionyl  /3-naphthalamide  in  0.1  M 
Tris-HCl  buffer  (pH  8.0)  at  37*^  for  3  hr. 
The  amount  of  fluorescence  produced  by 
hydrolysis  of  the  substrate  was  determined 
with  a  Corning  7-60  excitation  filter  and 
Wratt  47B  secondary  filter.  Fluorescence 
obtained  was  compared  to  a  control  solution 
of  10"*  M  /3-naphthalamide  hydrolyzed/hr 
at  37*".  Amylase  activity  in  tears  was  mea- 
sured by  the  assay  of  Somogyi  (14).  One 
Somogyi   unit   is  defined  as  the   amylase 


activity  required  for  the  formation  of  reduc- 
ing power  equivalent  to  1  mg  of  glucose  in 
30  min  at  40^ 

Results.  Age,  sex  ratio,  and  hemogram 
values.  The  mean  ages,  distribution  of  males 
and  females,  and  hemogram  results  for  the 
four  groups  of  children  are  shown  in  Table 
I.  The  ages  were  similar  in  the  four  groups, 
although  the  Grade  II  malnourished  chil- 
dren averaged  12%  (5  months)  younger 
than  the  normal  children.  There  were  nearly 
twice  as  many  males  as  females  in  all 
groups.  No  evidence  of  anemia  was  ob- 
served even  in  the  most  severely  malnour- 
ished children.  Total  and  differential  leuko- 
cyte counts  were  uniform,  with  somewhat 
elevated  total  counts  in  all  malnourished 
children. 

Immunoglobulins  and  enzymes  in  serum. 
Table  II  contains  the  values  obtained  for 
four  immunoglobulins,  total  protein,  albu- 
min, and  aminopeptidase  in  the  sera  of  the 
four  groups  of  children.  Significantly  ele- 
vated levels  of  IgA  were  observed  in  the 
most  severely  malnourished  group,  while 
concentrations  of  IgG,  IgM,  and  IgD  were 
not  influenced  by  nutritional  status.  Serum 
albumin  was  significantly  reduced  {P  < 
0.05)  in  both  Grade  II  and  Grade  III  chil- 
dren, confirming  the  diagnosis  of  severe 
malnutrition  of  the  Marasmus-Kwashiorkor 
type  in  these  groups.  Aminopeptidase  was 


TABLE    I.  Age,  Sex  Distribution,  and  Hemogram  Values  in  Normal  and  Malnourished  Children. 


Normal 


Grade  I 


Grade  II 


Grade  III 


Number  of  children 

27 

11 

9 

17 

Age  (months) 

43  (30-57)° 

44(27-60) 

38(27-48) 

45(25-60) 

Sex  ratio  (F/M) 

10/17 

4/7 

3/6 

6/11 

Hemoglobin  (g%) 

12.7  ±  0.8* 

12.3  ±0.5 

12.2  ±0.3 

12.2  ±2.8 

Hematocrit  (%) 

39  ±  1 

37  ±  1 

38  ±  1 

38  ±  1.9 

Leukocytes  (per  mm') 

10,047  ±  2123 

12,190  ±  1950 

11,844  ±  1333 

11,580  ±  1925 

"  Mean  (range). 

*  Mean  ±  standard  error  of  the  mean  (SEM). 

TABLE  II.  Immunoglobulins  and  Other  Serum  Proteins 

IN  Normal  and 

Malnourished  Children. 

Serum  immunoglobulins  (mg%) 

Albumin  (g%) 

Nutritional  status              IgA                     IgG                   IgM                   IgD 

Total  protein  (g%) 

Normal  (27)                 91  ±  8»        1089  ±66            131  ±  11              7.5  ±  1.3 
Grade  I  (11)                 82  ±  10         871  ±  72              97  ±  8                5.4  ±  1.6 
Grade  II  (9)                107  ±  18        1022  ±  107          131  ±  26              7.6  ±  2.5 
Grade  III  (17)            122  ±  15*       855  ±  69            123  ±  9                7.7  ±  2.1 

0.93  ±  0.07 
0.98  ±  0.09 
0.98  ±  0.09 
0.89  ±0.10 

4.61  ±0.13 
4.34  ±  0.20 
2.89  ±0.21* 
2.70  ±  0.08* 

5.52  ±  0.25 
5.42  ±0.23 
4.65  ±  0.36 
3.85  ±0.17* 

*  Enzyme  activity  expressed  as  units  (micromoles  of  substrate  hydrolyzed  per  hour  at  37*). 

*  Mean  ±  SEM. 

*  Significantly  different  from  nonnal  children  at  the  5%  confidence  level. 
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found  in  similar  concentrations  in  all  chil- 
dren. The  values  of  all  serum  proteins  for 
the  normal  and  the  marginally  malnourished 
children.  Grade  I,  were  similar. 

Immunoglobulins  and  enzymes  in  tears. 
Table  III  contains  the  results  obtained  in 
the  tears  of  the  study  children.  In  contrast 
to  its  elevated  concentration  in  the  serum, 
S-IgA  was  found  at  significantly  reduced 
levels  in  the  tears  of  Grade  III  children. 
Moderately  malnourished  children  (Grades 
I  and  II)  also  tended  to  have  lower  concen- 
trations of  S-IgA  and  amylase  than  control 
children,  although  the  diflTerences  were  not 
statistically  significant.  Lysozyme  levels  and 
amylase  activity  were  also  significantly  de- 
pressed (P  <  0.05)  in  Grade  III  children. 
The  values  observed  for  total  protein,  albu- 
min, and  aminopeptidase  in  tears  were  un- 
affected by  the  child's  nutritional  status. 

Linear  regression  analyses  were  per- 
formed on  selected  pairs  of  variables  in 
tears  and  serum.  No  correlation  was  found 
between  the  concentration  of  IgA  in  serum 
and  tears  (r  =  0.07,  P  <  0.10)  or  between 
levels  of  S-IgA  and  albumin  in  tears  (r  = 
0.38,  P  <  0.10).  The  correlation  between 
IgG  in  serum  and  tears  was  also  not  signifi- 
cant (r  =  0.16,  P  <  0.10),  while  the  corre- 
lation between  lysozyme  and  S-IgA  was 
significant  (r  =  0.824,  P  <  0.05). 

Discussion.  We  have  demonstrated  re- 
duced concentrations  of  S-IgA,  amylase, 
and  lysozyme  in  the  tears  of  severely  mal- 
nourished children.  Our  results  in  Colombia 
confirm  the  previous  finding  that  S-IgA  is 
decreased  in  the  nasopharyngeal  secretions 
of  Thai  and  Indian  children  with  PCM  (4, 
15).  In  addition,  the  synthesis  or  secretion 
of  other  locally  produced  proteins,  lyso- 
zyme, and  amylase  into  tears  was  impaired. 


Decreased  activity  of  lysozyme  has  been 
observed  in  leukocytes  of  children  with 
PCM  (16).  Reduced  secretory  concentra- 
tions of  S-IgA  and  to  a  lesser  extent,  lyso- 
zyme, are  potentially  important  factors  in 
the  defense  of  mucosal  surfaces.  The  fact 
that  total  protein,  IgG,  aminopeptidase, 
and  albumin  in  tears  were  not  influenced 
by  nutritional  status  indicates  that  the  re- 
duced levels  of  S-IgA,  amylase,  and  lyso- 
zyme were  not  due  to  reduced  volume  of 
secretion  in  children  with  PCM,  as  has  been 
suggested  by  experimental  studies  with  sa- 
liva in  malnourished  rats  (17).  It  appears 
that  the  mechanism  involves  an  impairment 
in  the  local  synthesis  and/or  secretion  of 
these  proteins. 

Chandra  has  observed  that  concentrations 
of  both  S-IgA  and  specific  antibodies  to 
polio  and  measles  vaccination  are  reduced 
in  malnourished  Indian  children  (15).  We 
have  confirmed  these  findings  with  respect 
to  S-IgA  in  an  unmodified  secretion  (tears) 
from  Latin  American  children.  Thus,  it  ap- 
pears that  malnutrition  may  significantly 
reduce  both  unstimulated  levels  of  S-IgA 
and  antibody  produced  to  a  specific  anti- 
genic challenge.  These  two  events  could 
have  a  profound  influence  on  local  immu- 
nity to  an  infectious  agent:  the  former  by 
allowing  an  organism  to  establish  itself  more 
easily  on  the  mucosal  surface  and  penetrate 
the  epithelial  barrier,  resulting  in  increased 
infection  rates;  the  latter  by  reducing  the 
effectiveness  of  the  immune  response  in 
dislodging  an  established  infection,  resulting 
in  increased  morbidity  and  prolonged  recov- 
ery periods.  The  reduction  of  S-IgA,  amy- 
lase, and  lysozyme,  which  are  specifically 
not  transudated  from  the  serum,  may  reflect 
a  change  in  the  secretory  capability  of  the 


TABLE  III.  Amylase  Acnvrry  and  Immunoglobulin  Levels  in  Tears  of  Normal  and 

Malnourished  Children. 


S-IgA  (mg/ 

Nutritional  sta- 

Amylase activ- 

dl/g of  pro- 

Lysozyme (mg/ 

Aminopepti- 

Albumin 

tus 

ity" 

tein) 

dl/g  of  protein) 

dase  activity* 

Protein  (g/dl) 

(mg/dl) 

Normal  (27) 

376  ±  82 

49  ±8 

103  ±  18 

0.58  ±0.18 

1.39  ±  0.18 

34  ±8 

Grade  I  (11) 

322  ±  52 

43  ±  6 

119  ±  16 

0.76  ±  0.22 

1.18  ±  0.16 

53  ±9 

Grade  II  (9) 

252  ±  43 

31  ±7 

53  ±9* 

0.57  ±  0.16 

1.63  ±0.08 

46  ±  11 

Grade  III  (17) 

199  ±  45* 

27  ±6* 

62  ±  14* 

0.59  ±  0.13 

1.34  ±0.17 

32  ±6 

'  Somogyi  units  per  gram  of  protein  ±  SEM. 

•  Units  (micromoles  hydrolized  per  hour  at  37°)  per  gram  of  protein. 

*  Significantly  lower  than  normal  children  at  the  5%  confidence  level. 
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mucosal  surface  and/or  local  protein  synthe- 
sis. In  addition,  a  combined  reduction  in 
immunity  to  some  mucosal  organisms  such 
as  Neisseria  gonorrhoeae  may  occur  since 
both  S-IgA  and  lysozyme  are  affected.  IgA 
antibody  responses  to  an  antigen  lack  the 
elevated  secondary  response  memory  seen 
in  the  IgG  antibody  response  (18).  There- 
fore, the  depressed  levels  of  S-IgA  we  ob- 
served in  these  children's  secretions  may 
represent  significantly  depressed  secretory 
immunity  to  pathogens  with  which  they 
have  previously  been  infected  as  well  as 
new  pathogens  infecting  the  mucosal  sur- 
faces. It  has  been  shown  that  the  S-IgA 
response  following  a  single  gonococcal  in- 
fection which  is  eliminated  by  treatment 
rapidly  decreases  to  almost  undetectable 
levels  at  4-5  months  (18).  Levels  of  S-IgA 
and  albumin  were  not  correlated  in  tears,  a 
finding  similar  to  that  already  reported  in 
nasopharyngeal  washings  (4,  IS).  IgA  syn- 
thesis in  general  did  not  seem  to  be  im- 
paired, since  IgA  was  actually  elevated  in 
the  serum  of  these  same  children  in  whose 
tears  its  concentration  was  suppressed.  The 
marked  contrast  between  elevated  serum 
and  depressed  secretory  IgA  which  we  ob- 
served has  been  reported  recently  by  others 
(4,  S).  The  lack  of  significant  influence  of 
nutritional  status  of  IgG,  IgM,  and  IgD 
concentrations  in  serum  confirms  the  find- 
ings of  others  (4,  5).  The  lower  levels  of 
amylase,  lysozyme,  and  S-IgA  in  tears  of 
moderately  malnourished  children,  al- 
though not  statistically  significant  as  in  se- 
verely malnourished  children,  suggest  that 
their  mucosal  immunity  is  also  reduced  even 
though  they  are  not  as  nutritionally  de- 
prived. 

The  mucosal  surfaces  of  the  eyes  and 
respiratory  and  gastrointestinal  tracts  serve 
as  the  portals  of  entry  for  nearly  all  infec- 
tious agents.  Since  malnourished  children 
have  increased  infections  of  mucosal  sur- 
faces, such  as  gastrointestinal  and  ocular 
infections,  increased  antigenic  stimulation 
of  mucosal  surfaces  could  be  expected,  with 
higher  levels  of  S-IgA  antibodies  and  total 
S-IgA  rather  than  the  lower  levels  we  ob- 
served. The  influence  of  renutrition  on  sup>- 
pressed  levels  of  S-IgA  needs  to  be  further 
defined  as  well  as  a  clearer  understanding 


of  the  mechanism  of  this  suppression  and 
its  effects  on  the  mucosal  immune  response 
to  new  antigens. 

The  mechanism(s)  by  which  PCM  influ- 
ences S-IgA  levels  may  be  related  to  defi- 
ciency of  dietary  protein,  vitamins,  or  trace 
minerals  resulting  in  abnormal  morphology 
or  function  of  epithelial  cells.  Genetic  defi- 
ciency of  secretory  component  has  been 
found  to  be  associated  with  normal  serum 
IgA  levels  with  no  IgA  in  the  secretions 
(19).  Similarly,  patients  with  common  vari- 
able hypogammaglobulinemia  or  selective 
IgA  deficiency  appear  to  have  a  defect  in 
the  binding  of  secretory  component  to  IgA 
(20).  We  observed  decreased  secretory  IgA 
concentrations  in  the  presence  of  increased 
serum  IgA  levels  in  malnourished  children, 
which  could  have  resulted  from  impaired 
production  and/or  binding  of  secretory  com- 
ponent without  a  reduction  in  the  synthesis 
rate  of  IgA.  Thus,  increased  antigenic  stim- 
ulation of  the  mucosa  due  to  recurrent  res- 
piratory and  gastrointestinal  infections  in 
malnourished  children  could  result  in  in- 
creased production  of  IgA  which  is  incapa- 
ble of  getting  through  the  epithelial  barrier 
or  remaining  in  the  secretion  intact. 

Our  observations  are  at  variance  with  the 
elevated  levels  of  S-IgA  reported  in  intes- 
tinal washes  from  malnourished  Indonesian 
children  (21).  This  discrepancy  is  difficult 
to  explain  based  upon  the  data  available.  It 
may  be  related  to  differences  in  the  type  of 
secretion  samples  or,  more  likely,  to  the 
nature  of  the  nutritional  deficiencies  which 
accompany  reduced  protein  and  calorie  in- 
take in  the  two  populations.  It  is  quite 
possible  that  the  presence  or  absence  of 
concomitant  zinc  deficiency,  for  example, 
could  result  in  the  differences  observed  in 
the  two  studies  (22).  Since  data  on  trace 
mineral  or  vitamin  deficiencies  are  not  avail- 
able from  either  study,  their  relative  impor- 
tance remains  to  be  evaluated. 

Our  findings  indicate  that  the  increased 
susceptibility  of  malnourished  children  to 
infections  of  mucosal  surfaces  may  be  ex- 
plained, in  part,  by  a  generalized  decrease 
in  the  concentrations  of  protective  sub- 
stances locally  produced  to  protect  those 
surfaces.  Given  the  delicate  balance  which 
often   characterizes   host-parasite   interac- 
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tions,  it  is  not  unreasonable  to  suggest  that 
the  decreases  of  40-50%  which  we  ob- 
served in  the  levels  of  IgA  and  lysozyme  in 
the  tears  of  malnourished  subjects  may  be 
sufBcient  to  upset  the  balance  in  favor  of 
the  pathogen. 

Summary,  Sixty- four  pre-school-age  chil- 
dren from  a  poor  urban  population  in  Col- 
ombia were  studied  to  determine  the  influ- 
ence of  moderate  to  severe  malnutrition  on 
several  proteins  in  the  serum  and  tears. 
Secretory  IgA,  lysozyme,  and  amylase  were 
found  in  significantly  reduced  concentra- 
tions in  the  tears  of  malnourished  children. 
No  influence  of  nutritional  status  on  total 
proteins,  albumin,  and  aminopeptidase  was 
observed  in  this  secretion.  In  the  serum, 
IgA  concentrations  were  significantly  higher 
in  the  most  malnourished  group,  while  total 
proteins  and  albumin  were  reduced.  These 
data  suggest  that  increased  susceptibility  to 
infections  of  mucosal  surfaces  in  malnour- 
ished children  may  be  due  to  reduced  con- 
centrations of  protective  substances  such  as 
IgA  and  lysozyme  in  secretions. 

The  fine  technical  assistance  of  Marta  McMurray, 
Ana  Carlina  de  Aly,  Cora  Foulks^  and  Joan  Roberts  is 
greatly  appreciated.  We  are  indebted  to  Gail  Wilkerson 
for  assistance  with  data  analysis. 
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Blastokinin  (uteroglobin)  comprises  ap- 
proximately 40-50%  of  the  total  protein  in 
rabbit  uterine  fluid  during  the  days  around 
the  time  of  implantation  (1-3).  In  ovariec- 
tomized  rabbits,  the  concentration  of  blas- 
tokinin in  uterine  flushings  increases  dra- 
matically after  progesterone  treatment  (4, 
5),  but  only  slightly  if  estrogen  is  given  (6). 
Metabolites  of  progesterone  also  stimulate 
blastokinin  secretion  (7),  as  do  some  oral 
contraceptive  steroids  (8). 

However,  the  physiological  significance 
of  this  protein  has  yet  to  be  determined. 
Administration  of  melengestrol  acetate 
(MGA),  a  synthetic  progestogen,  lowered 
fertility  in  rabbits,  allegedly  through  altering 
the  time  course  of  uterine  protein  secretions 
(9).  In  an  attempt  to  elucidate  further  the 
possible  functions  of  blastokinin  in  embryo 
survival  in  rabbits,  we  studied  the  effects  of 
melengestrol  acetate  (MGA)  administration 
on  blastokinin  secretion  and  ovarian  activ- 
ity. The  ability  of  supplemental  blastokinin 
to  increase  implantation  rate  of  transferred 
rabbit  embryos  was  examined  under  condi- 
tions known  to  reduce  fertility. 

Materials  and  methods.  General  proce- 
dures. A  series  of  four  experiments  was 
conducted.  In  the  first  experiment,  proges- 
terone and  estradiol  were  measured  in 
blood  samples  collected  prior  to  and  during 
MGA  or  corn  oil  treatment  and  during  a 
subsequent  period  of  pseudopregnancy  in- 
duced by  treatment  with  human  chorionic 
gonadotropin  (HCG).  In  the  second  and 
third  experiments,  blastokinin  was  assayed 
in  uterine  flushings  collected  from  rabbits 
sacrificed  during  MGA  or  corn  oil  treatment 

'  Published  with  approval  of  the  Director  of  the 
Michigan  Agricultural  Experiment  Station  as  Journal 
Article  No.  7937. 

^  Present  address:  Department  of  Animal  Science, 
North  Carolina  State  University,  Raleigh,  North  Car- 
olina 27607. 


or  during  the  period  of  induced  pseudopreg- 
nancy which  followed.  In  the  final  experi- 
ment, embryos  collected  from  superovu- 
lated  donors  were  transferred  in  medium 
containing  blastokinin  or  rabbit  blood  se- 
rum albumin  to  pseudopregnant  recipients 
which  had  been  treated  with  MGA  or  corn 
oil.  Significance  of  differences  between 
treatments  was  analyzed  by  paired  t  test. 

Treatment  procedures.  In  all  four  experi- 
ments, treatments  consisted  of  daily  injec- 
tions (10  days)  of  either  10  fig  MGA/kg 
body  weight  dissolved  in  corn  oil  or  corn  oil 
alone.  Pseudopregnancy  was  induced  by  in- 
travenous administration  of  100  lU  of  hu- 
man chorionic  gonadotropin^  on  the  third 
day  following  MGA  or  corn  oil  treatment 

(9). 

Serum  and  uterine  fluid  samples.  In  the 
first  experiment,  blood  samples  were  col- 
lected on  alternate  days  from  a  marginal 
ear  vein  of  six  corn  oil-  and  six  MGA- 
injected  mature  New  Zealand  white  female 
rabbits.  Samples  were  collected  from  12 
days  pretreatment  until  Day  7  of  pseudo- 
pregnancy. For  three  rabbits  in  each  treat- 
ment group,  sampling  began  on  the  first 
day  and  continued  on  odd-numbered  days, 
whereas  the  remaining  rabbits  were  sampled 
on  even-numbered  days.  Serum  was  ob- 
tained by  centrifugation  of  whole  blood 
after  it  had  been  allowed  to  clot  at  room 
temperature.  Samples  were  stored  frozen 
until  assayed  for  progesterone  and  estradiol. 

In  the  second  experiment,  uterine  flush- 
ings were  obtained  from  mature  does  on 
Days  1  to  9  of  pseudopregnancy  (three 
does/treatment/day)  following  10  days  of 
MGA  or  corn  oil  injections.  In  the  third 
experiment,  uterine  flushings  were  re- 
covered  (three   does/treatment/day)   from 
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1  MGA  or  corn  oil  and  sacrificed 
i,  6,  and  9  of  treatment  or  on  the 
ay  following  the  last  injection. 
t  sacrificed  by  cervical  dislocation, 
ri  were  excised  immediately, 
of  fat,  rinsed  with  tap  water,  and 
remove  any  traces  of  blood.  Each 
omus  was  flushed  with  3  ml  of 
sodium  chloride.  Flushings  were 
;d  at  700g  to  remove  cellular  de- 
hose  obviously  contaminated  with 
re  discarded.  Samples  were  stored 
til  assayed  for  blastokinin. 
nmunoassays.  Progesterone  was 
by  specific  radioimmunoassay  as 
y  described  in  our  laboratory  (10). 
highly  specific  antibody^  (diluted 
n  1:400  normal  rabbit  serum  in 
hosphate-buffered  saline,  pH  7.1) 
;d  to  tubes  containing  dried  ben- 
ane  (1:2)  extracts  of  serum  or  stan- 
antities  of  progesterone.  Then 
^sterone  was  added  to  each  tube 
tubes  were  incubated  at  4°  for 
ately  18  hr.  Dextran-coated  char- 
used  to  separate  free  from  anti- 
nd  progesterone.  Melengestrol 
VIGA)  was  tested  for  its  ability  to 
nding  of  pHJprogesterone  to  the 
At  a  concentration  of  1  /Ltg  per 
e  cross-reactivity  was  less  than 
hus  it  was  not  detectable  in  blood 
rom  MGA- treated  rabbits, 
iol  was  assayed  by  specific  radioim- 
ly  using  an  antibody  prepared 
stradiol-6-oxime  conjugaed  to  hu- 
im  albumin.  Validation  data  for 
f  have  been  reported  (11).  The 
e  was  similar  to  that  for  progester- 
;pt  free  and  antibody-bound  estra- 
*  separated  by  addition  of  sheep 
it  y -globulin. 

cinin  was  assayed  according  to  the 
e  of  Mayol  and  Lx)ngenecker  (12). 
blastokinin  was  iodinated  at  room 
ure  by  the  chloramine  T  method 
incubated  with  a  blastokinin  anti- 
he  presence  of  unlabeled  standard 

bbit  antiprogesterone  prepared  against  6)8- 
gesterone  conjugated  to  bovine  serum  al- 
iupplied  by  Dr.  G.  D.  Niswender,  Colorado 
rsity. 


concentrations  of  reference  blastokinin^  or 
with  uterine  flushing  from  treated  rabbits. 
A  parallel  dose-response  curve  of  Day  6 
pseudopregnant  rabbit  uterine  extracts  with 
the  standard  reference  preparation  was  ob- 
tained. There  was  no  cross- reactivity  of  the 
antibody  with  rabbit  serum  samples.  To 
avoid  interassay  variation,  all  uterine  fluid 
samples  from  an  experiment  were  included 
within  a  single  assay. 

Embryo  Transfers.  Embryos,  recovered 
72  hr  after  induction  of  pregnancy  in  su- 
perovulated  donors  (9),  were  transferred  to 
recipients  pretreated  with  MGA  or  corn  oil 
as  described  above.  Transfers  were  made  at 
an  equivalent  stage  of  pseudopregnancy. 
Donor  oviducts  and  uteri  were  flushed  with 
Krebs-Ringer  bicarbonate  and  ova  were 
collected  into  watch  glasses  (9).  After  ex- 
amination for  evidence  of  cleavage,  ova 
were  placed  in  medium  supplemented  (1.5 
mg  of  protein/400- /Ltl  transfer  volume)  with 
either  purified  blastokinin  as  prepared  by 
the  method  of  Mayol  and  Longenecker  (12) 
or  rabbit  blood  serum  albumin.  The  transfer 
procedure  was  essentially  that  described  by 
Staples  (13).  Each  animal  served  as  its  own 
control  by  receiving  a  minimum  of  four 
embryos  per  horn;  one  horn  supplemented 
with  blastokinin,  the  other  with  serum  al- 
bumin. Results  were  recorded  as  the  num- 
ber of  implantation  sites  on  Day  11  of 
pregnancy  per  number  of  ova  transferred. 

Results.  No  differences  in  serum  proges- 
terone or  estradiol  concentrations  were  de- 
tected between  rabbits  given  MGA  or  com 
oil  (P  >  0.10;  Figs.  1  and  2).  Estradiol 
fluctuated  between  4  and  18  pg/ml  prior  to 
and  during  MGA  or  corn  oil  treatment  and 
peaked  around  16  pg/ml  on  the  second  day 
of  pseudopregnancy.  Progesterone  was  low 
(<1  ng/ml)  prior  to  pseudopregnancy  and 
peaked  on  the  sixth  and  seventh  days  of 
pseudopregnancy  (the  last  days  samples 
were  taken).  Similar  numbers  of  large  (>2- 
mm)  follicles,  hemorragic  follicles,  and  cor- 
pora lutea  were  found  on  the  ovaries  of 
does  from  each  treatment  group  (Table  I). 

The  effect  of  corn  oil  or  MGA  administra- 

*  Purified  blastokinin.  guinea-pig  anti-rabbit  blasto- 
kinin. and  blastokinin  reference  preparation  were  sufv 
plied  by  Dr.  R.  F.  Mayol. 
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Corn  Oil  or 
MQAIr 


Injoctiont ' 


HCG 
IPMudoprognontH 


-10     -8      ^6      ^4      -2        1         3       5        7       9 

DAY  OF  MGA  OR  CORN  OIL  TREATMENT 


0        2       4        6 
DAYS  AFTER  HCG 


Fig.  1.  Progesterone  in  blood  samples  collected  prior  to  and  during  com  oil  or  MGA  treatment  and  during 
the  subsequent  period  of  induced  pseudopregnancy. 


-  Corn  Oil  or  — 
MGA  Injoctiont 


HCG-PMudoprog- 
i     ,  nancy 


-10     -8-6-4-2        1         3       S        7       9 
DAY  OF  MGA  OR  CORN  OIL  TREATMENT 


0       2       4       6 
DAYS  AFTER  HCG 


Fig.  2.  Estradiol  in  blood  samples  collected  prior  to  and  during  com  oil  or  MGA  treatment  and  during  the 
subsequent  period  of  induced  pseudopregnancy. 


tion  on  blastokinin  production  during  treat- 
ment and  subsequent  pseudopregnancy  is 
shown  in  Fig.  3.  Does  given  com  oil  aver- 
aged 0.0004  mg  of  blastokinin/ml  of  uterine 
flushing  prior  to  pseudopregnancy.  On  Day 
3  of  pseudopregnancy  following  corn  oil 
treatment,  blastokinin  concentrations  in- 
creased to  1.5  mg/ml,  continued  to  rise 
until  Day  5,  plateaued  until  Day  8  (1.94- 
2.39  mg/ml),  and  then  fell  to  0.29  mg/ml 


on  Day  9.  Rabbits  given  MGA  had  blasto- 
kinin concentrations  of  0.006,  0.202,  and 
0.108  mg/ml  on  Days  3,  6,  and  9  of  MGA 
treatment,  respectively  (P  <  0.01).  By  Day 
3  of  pseudopregnancy,  MGA-treated  ani- 
mals had  only  0.1  mg/ml  (P  <  0.01)  of 
blastokinin  in  the  uterine  fluid.  This  concen- 
tration increased  to  1.6  mg/ml  on  Day  4, 
plateaued  by  Day  7  (1.75-2.23  mg/ml), 
and  then  decreased  to  0.75  and  0.31  mg/ml 
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ABLE    I.  Number  of  Ovarian  Structures  on 

Day  7  of  Pseudopregnancy  in  Rabbits 

Pretreated  with  Corn  Oil  or  Melengestrol 

Acetate  (MGA). 


Treatment 

/arian  structure 

Com  oil 

MGA 

pora  lutea 
imoragic  follicles 
^e  follicles* 

10.3  ±  1.4« 
2.5  ±0.3 
8.3  ±  2.0 

11.2  ±  1.5 

3.3  ±0.4 

10.7  ±  1.9 

Mean  ±  standard  error  of  mean . 
Follicles  >2  mm  in  diameter. 


1.0^ 


0.1  - 


D0I 


CX}I 


^  Corn  Oil  or  _ 
MGA  lnj«ct*of« 


CofTt  0*1  mtflfi  a  ihJ  iff  Of 
MdA  mHfl  Si  fid  trrv 


HCG PsiW(JOpfi 

♦  I 


anoncyH 


3  6  9 

DAY  OF  TREATMENT 


I  2  D  i    ^  6  7  a  9 
I>AYS  AFTER  HCG 


'IG.  3.  Blastokinin  in  uterine  flushings  collected 
ing  MGA  or  com  oil  treatment  and  during  the 
sequent  period  of  induced  pseudopregnancy. 

Days  8  and  9,  respectively.  The  pattern 
blastokinin  secretion  during  MGA  treat- 
nt,  although  of  lesser  magnitude,  was 
Illy  correlated  with  secretion  during 
(udopregnancy  (r  =  0.89).  Again  follicle 
nbers  did  not  differ  between  groups. 
Slastokinin-supplemented  medium  was 
t  able  to  improve  implantation  rates  in 
»  pretreated  with  MGA  when  compared 
h  medium  containing  rabbit  serum  albu- 
1  (4.3  vs  0%).  However,  when  protein- 
»plemented  medium  was  used  to  transfer 


embryos  to  corn  oil- treated  controls,  addi- 
tion of  blastokinin  enhanced  (P  =0.1)  sur- 
vival compared  with  serum  albumin;  im- 
plantation rates  were  32.6  and  23.1%,  re- 
spectively (Table  II).  Six  of  eight  does  re- 
ceiving each  treatment  were  pregnant  at 
autopsy  on  Day  1 1 . 

Discussion.  These  studies  support  conten- 
tions that  progestin  administration  reduces 
embryo  survival  by  altering  the  uterine  en- 
vironment (9).  The  concentration  of  blasto- 
kinin in  uterine  fluid  was  reduced  on  Day  3 
of  pseudopregnancy  in  MGA-treated  rab- 
bits at  a  time  when  fertilized  ova  first  reach 
the  uterus.  Lower  blastokinin  concentra- 
tions on  Day  3  of  pseudopregnancy  follow- 
ing MGA  were  probably  due  to  refractori- 
ness to  progesterone  secreted  by  the  rabbits' 
ovaries.  This  concept  is  supported  by  the 
fact  that  blastokinin  secretion  declined  in 
the  face  of  continued  progresterone  admin- 
istration to  ovariectomized  rabbits  (4). 
Since  blastokinin  concentration  was  ele- 
vated during  MGA  treatment  and  began  to 
decline  before  MGA  treatment  ended  (Fig. 
3),  the  refractory  period  was  evident  even 
before  pseudopregnancy  was  induced. 

Because  our  radioimmunoassay  for  pro- 
gesterone could  not  detect  MGA  in  serum, 
we  could  not  determine  the  amount  of  pro- 
gestational activity  to  which  MGA-treated 
animals  were  exposed  during  and  subse- 
quent to  treatment.  Runic  era/.  (14)  suggest 
that  progestational  compounds  require 
longer  to  be  cleared  from  the  system  than 
the  natural  hormone,  and  this  could  account 
for  the  delayed  rise  in  blastokinin  during 
the  period  of  pseudopregnancy  following 
MGA  treatment. 


TABLE  II.  Implantation  Rate  on  Day  11  of 

Pregnancy  of  72-hr  Embryos  Transferred  to 

MGA-  OR  Corn  Oil-Treated  Recipients  in 

Media  Supplemented  wfth  Rabbit  Blood  Serum 

Albumin  or  Blastokinin. 


Recipient 

pretreat- 

ment 

Media  supplement" 

Rabbit  scrum  al- 
bumin                Blastokinin 

Corn  oil 
MGA 

9/39*  (23.1%)        14/43(32.6%) 
0/43   (0%)               2/47(4.3%) 

"  1 .5  mg  of  protein/400- /aI  transfer  volume. 
*  Number  of  embryos  present  on  Day  11 /number 
of  72-hr  embryos  transferred. 
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These  results  also  lend  credence  to  re- 
ports (IS,  16)  that  blastokinin  stimulates 
growth  and  development  of  early  blastocysts 
in  vitro.  Blastokinin  was  able  to  enhance 
implantation  in  control  animals,  but  was 
unable  to  overcome  the  infertility  effects  of 
progestin  administration . 

Summary,  Progesterone  and  estradiol 
were  measured  in  blood  and  blastokinin 
was  assayed  in  uterine  flushings  collected 
from  rabbits  prior  to  and  during  treatment 
with  melengestrol  acetate  (MGA)  or  corn 
oil  and  during  the  subsequent  period  of 
induced  pseudopregnancy.  Blastokinin  was 
elevated  during  MGA  treatment,  but  was 
transiently  suppressed  on  Day  3  of  pseudo- 
pregnancy  after  MGA  when  levels  in  corn 
oil-treated  rabbits  were  10-fold  higher  than 
those  in  rabbits  given  MGA.  Estradiol  and 
progesterone  were  not  different  between 
rabbits  given  the  two  treatments.  Addition 
of  purified  blastokinin  to  embryo  transfer 
media  increased  implantation  rates  in  com 
oil-treated  recipients,  but  not  in  recipients 
pretreated  with  MGA. 
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ition  of  Vesicular  Stomatitis  Virus  Facilitated  in  Nonpermissive  Cells  by  Early 
Functions  of  Shope  Fibroma  Virus  (40026) 

NORMAN  A.  CROUCH 

epartment  of  Microbiology,  College  of  Medicine,  The  University  of  Iowa,  Iowa  City,  Iowa  52242 


5tt  and  Walker  reported  several 
go  (1)  that  replication  of  vesicular 
tis  virus  (VSV),  an  RNA  virus,  is 
ly  facilitated  in  serially  cultured  do- 
rabbit  kidney  (DRK3)  cells  (2)  per- 
f  infected  with  a  noncytocidal  strain 
c  fibroma  virus  (SFV),  a  DNA  virus, 
^served  that  superinfection  of  DRK3 
i  with  VSV  3-5  days  after  treatment 
fectious  SFV  resulted  in  yields  of 
0,000-fold  greater  than  in  parallel 
»  challenged  by  VSV  alone.  Re- 
we  reported  (3)  that  this  dramatic 
ion  of  VSV  also  occurs  when  DRK3 
»  are  inoculated  simultaneously  with 
ruses,  suggesting  that  contempora- 
replication  of  SFV,  if  it  occurs  in 
;lls,  does  not  interfere  with  the  rep- 
of  VSV.  In  the  same  study  we  found 
raviolet  irradiation  of  SFV  abolishes 
ity  to  induce  facilitation,  indicating 
unctional  SFV  genome  is  necessary, 
therefore  of  interest  in  the  present 
)  determine  (i)  whether  SFV  does  in 
)licate  in  the  presence  of  VSV  and 
Jther  the  postulated  viral  gene  func- 
quired  for  facilitation  are  expressed 
•  late  in  the  replication  of  SFV,  i.e., 
Dr  after  DNA  synthesis.  In  addition, 
SV  by  itself  appears  unable  to  repli- 
DRK3  cells  (1,  3),  cuhures  chal- 
with  VSV  in  the  absence  of  SFV 
icamined  for  the  induction  of  viral 
hie  effects  (CPE)  to  determine 
r  the  cells  are  completely  nonpermis- 
whcthcr  they  become  abortively  in- 

rials  and  methods.  Cloned  DRK3 
iginally  isolated  by  Dr.  H.  C.  Hinze 
University  of  Wisconsin,  Madison, 
own  as  monolayers  in  Eagle's  mini- 
isential  medium  (MEM)  supple- 
with  10%  heat-inactivated  fetal  bo- 
rum,  0.23%  sodium  bicarbonate, 
ts/ml  of  penicillin,  and  100  /Lig/ml  of 
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streptomycin.  Vero  cells  provided  by  W. 
Wong,  State  Hygienic  Laboratory,  Univer- 
sity of  Iowa,  Iowa  City,  were  grown  in 
monolayers  in  the  same  medium  with  only 
5%  serum.  For  maintenance  of  both  kinds 
of  cells  following  viral  infection,  the  concen- 
tration of  serum  was  reduced  to  2.5%. 
Experimental  cultures  were  prepared  by 
seeding  screw-capped  Leighton  tubes  (11  x 
38-mm  window)  with  1  x  10*  DRK3  or 
Vero  cells  in  1  ml  of  the  appropriate  growth 
MEM.  After  incubation  at  37°  in  5%  CO2 
for  2  days,  the  cultures  routinely  contained 
2-4  X  10*  actively  growing  cells  and  were 
used  for  experimentation. 

The  Patuxent  strain  of  SFV,  noncytolytic 
in  DRK  cultures  (4),  was  also  obtained 
from  Dr.  Hinze.  Stocks  of  cloned  virus  were 
grown  at  34°  and  harvested  as  described 
previously  (2).  The  Indiana  strain  of  VSV 
was  provided  by  Dr.  J.  E.  Rodriguez,  Uni- 
versity of  Iowa,  Iowa  City.  Stocks  of  cloned 
VSV  were  prepared  by  inoculation  of  Vero 
cultures  with  about  1  x  10"*  infectious 
units/cell.  This  low  multiplicity  of  infection 
was  used  to  avoid  production  of  defective  T 
forms  of  the  virus  (5).  When  VSV-specific 
cytopathic  effects  (CPE)  characterized  by 
rounded,  detached  cells  were  apparent  in 
100%  of  the  cells,  generally  36  hr  after 
incubation  at  37°,  the  culture  fluids  were 
clarified  by  centrifugation  at  800g,  pooled, 
and  stored  at  -55°. 

Infectious  SFV  and  VSV  present  together 
in  doubly  infected  DRK3  cultures  were 
quantitated  by  a  differential  assay  that  ex- 
ploited a  marked  difference  in  the  host 
range  of  the  two  viruses.  Whereas  diluted 
SFV  caused  foci  of  aggregated  cells  in  DRK3 
monolayers,  as  previously  described  (6), 
diluted  VSV  had  no  demonstrable  affect. 
In  contrast,  VSV  rapidly  produced  cytolytic 
plaques  in  monolayers  of  Vero  cells,  while 
SFV  was  unable  to  form  either  plaques  or 
foci.  Cultures  to  be  assayed  for  both  viruses 
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were  frozen  and  thawed  to  detach  the  cells 
and  then  subjected  to  sonification  in  a  Bran- 
son Sonifer  (Cole-Parmer  Instruments  & 
Equipment  Co.)  for  cellular  disruption. 
After  serial  dilution  of  the  resultant  culture 
fluids  in  cold  Tris-buffered  saline  (pH  7.4), 
0.1 -ml  amounts  were  inoculated  onto  con- 
fluent monolayers  of  both  DRK3  and  Vero 
cells  in  35-mm  plastic  petri  dishes.  Follow- 
ing viral  adsorption  for  2  hr  at  37°,  2  ml  of 
MEM  containing  0.5%  methylcellulose 
(Matheson,  Coleman,  and  Bell),  5%  heat- 
inactivated  fetal  bovine  serum,  and  the 
usual  concentrations  of  sodium  bicarbonate 
and  antibiotics  was  added  to  each  mono- 
layer. The  Vero  cultures  were  then  incu- 
bated at  37°  and  the  DRK3  cultures  at  34°. 
After  24  hr  the  inoculated  Vero  monolayers 
were  treated  with  10%  formalin  containing 
0.05%  methylene  blue;  the  DRK3  monolay- 
ers were  similarily  treated  after  incubation 
for  5  days.  With  the  aid  of  a  binocular 
dissecting  microscope,  after  the  fixed  and 
stained  cultures  were  rinsed  and  air-dried, 
foci  of  aggregated  SFV-infected  DRK3  cells 
and  plaques  of  cytopathically  affected  VSV- 
infected  Vero  cells  were  readily  counted. 
Based  on  experiments  in  which  known 
amounts  of  SFV  and  VSV  were  mixed, 
diluted,  and  assayed  in  this  manner,  the 
presence  of  each  virus  had  no  demonstrable 
affect  on  quantitation  of  the  other  in  its 
respective  permissive  host. 

To  quantitate  amounts  of  DNA  synthe- 
sized, the  material  in  cultures  labeled  with 
10  fjiCi  of  [3H]thymidine  ([mc^Z-^H]  thy  mi- 
dine;  58  Ci/mmol;  Schwarz/Mann)  was  first 
digested  and  then  subjected  to  either  equi- 
librium centrifugation  in  cesium  chloride  or 
direct  acid-precipitation .  Each  culture  to  be 
assayed  was  thawed  and  treated  for  3  hr  at 
37°  with  a  mixture  containing  a  final  con- 
centration of  0.5%  Sarkosyl  NL30  (Geigy 
Chemical  Corp.),  0.02  M  disodium  (ethyl- 
enedinitrilo)tetraacetate  (EDTA;  pH  7.0), 
and  0.1%  Pronase  (Calbiochem,  B  grade). 
Sarkosyl  and  Pronase  were  prepared  in 
0.015  M  sodium  chloride  and  0.0015  M 
sodium  citrate  (0.1  x  SSC,  pH  7.3).  For 
equilibrium  centrifugation,  200  /jl\  samples 
from  each  digested  culture  were  mixed  in 
separate  nitrocellulose  tubes  (0.5  x  2.5  in.) 
with  3.8  ml  of  0.1  X  SSC-buffered  cesium 


chloride  (Kerr-McGee  Chemical  Corp.,  p 
=  1.733  g/cm^)  and  centrifuged  at  30,000 
rpm  for  60  hr  in  a  refrigerated  Beckman  L 
centrifuge  using  a  Type  40  fixed-angle  ro- 
tor. Ten-drop  fractions  were  dripped  from 
the  bottom  of  the  gradients  and  collected 
on  filter  paper  disks  (Whatman  3M,  25 
mm).  After  collection,  the  filters  were 
placed  in  5%  trichloroacetic  acid  at  room 
temperature  to  precipitate  acid-insoluble 
material.  The  filters  were  then  dehydrated 
in  ethanol  and  acetone,  air-dried,  and 
placed  in  10  ml  of  Omnifluor  (New  England 
Nuclear  Corp.)  to  measure  ^H  by  liquid 
scintillation.  Gradient  densities  were  deter- 
mined by  measuring  the  refractive  indexes 
of  periodic  fractions  in  a  Bausch  and  Lx)mb 
refractometer.  For  direct  precipitation,  a 
0.5-ml  sample  from  each  digested  culture 
was  transferred  to  a  glass  tube  containing 
0.5  ml  of  10%  trichloroacetic  acid.  Precipi- 
tates were  allowed  to  form  at  room  temper- 
ature for  1  hr.  The  entire  content  of  each 
tube  was  then  transferred  quantitatively  to 
separate  glass-fiber  disks  (Whatman  GF/C, 
24  mm)  positioned  in  a  Millipore  filtration 
manifold.  After  washing  the  precipitates 
with  5%  trichloroacetic  acid  and  95% 
ethanol,  the  disks  were  removed,  air-dried, 
placed  in  10  ml  of  Omnifluor,  and  analyzed 
by  liquid  scintillation  for  total  ^H  counts 
per  minute. 

Results,  To  determine  whether  SFV  rep- 
licates in  the  presence  of  VSV,  actively 
growing  DRK3  cells  were  inoculated  with 
0.2  ml  of  a  mixture  containing  SFV  plus 
VSV  diluted  in  MEM  without  serum  to  give 
respective  multiplicities  of  10  and  20  infec- 
tious units/cell.  Control  cultures  were  inoc- 
ulated with  each  virus  separately  at  similar 
multiplicities.  Following  viral  adsorption  at 
37°  for  2  hr,  the  inocula  were  removed, 
each  culture  was  rinsed  once  with  5  ml  of 
Tris-buffered  saline,  and  1  ml  of  mainte- 
nance MEM  was  then  added.  At  3  and  30 
hr  after  inoculation,  replicate  cultures  were 
placed  at  -55°  and  assayed  later  for  infec- 
tious SFV  and  VSV  by  the  differential 
method  described  above. 

Data  in  Table  I  show  that  both  viruses 
replicated  in  the  dual-inoculated  cultures. 
At  3  hr,  the  amount  of  residual  input  virus 
was  routinely  only  10^-10*  SFV  focus-form- 
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:*ABLE    I.  Repucation  of  SFV  and  VSV  in 
Dually  Inoculated  DRK,  Cells. 


Yields  of  infectious  virus* 


noGulum* 


SFVFFU/ 
culture 


VSV  PFU/ 
culture 


FV  + VSV 
SFV 
VSV 


1.2  X  10« 

1.3  X  10« 


2.5  X  10* 


6.4  X  10» 


Cultures  were  inoculated  with  a  mixture  of  SFV 
/SV  or  with  each  virus  separately  at  multiplicities 
I  SFV  FFU/cell  and  20  VSV  PFU/cell. 
Infectious  virus  was  assayed  30  hr  after  infection. 


units  (FFU)/culture  and  lO^-lO*  VSV 
ue-forming  units  (PFU)/culture  (data 
shown).  Since  the  amount  of  infectious 

produced  by  30  hr  in  the  doubly  in- 
;d  cultures  was  essentially  the  same  as 
le  cultures  infected  with  SFV  alone,  the 
emporaneous  replication  of  VSV  caused 
iterference  or  enhancement  of  SFV.  In 
fast,  while  production  of  SFV  was  in- 
mdent  of  VSV,  replication  of  VSV  ap- 
ed to  be  completely  dependent  on  the 
ence  of  SFV. 

3  determine  whether  facilitation  of  VSV 
lese  dually  infected  DRK3  cultures  re- 
es  early  or  late  functions  of  the  SFV 
)me,  replication  of  VSV  was  examined 
le  presence  of  increased  concentrations 
ydroxyurea  to  inhibit  DNA  synthesis. 
y  poxviral  genes  are  expressed  before 
hesis  of  the  viral  DNA  (7).  Cultures  of 
'ely  growing  cells  were  treated  with  dif- 
fit  amounts  of  the  inhibitor  at  37**  for  4 
tid  then  inoculated  with  virus.  For  inoc- 
on,  immediately  after  removal  of  the 
ium  0.1  ml  of  2 X  concentrated  hydrox- 
a  appropriately  diluted  in  MEM  with- 
serum  was  added  to  each  culture.  To 
was  added  0.1  ml  of  a  mixture  contain- 
X)th  SFV  and  VSV  diluted  in  the  same 
SA  to  give  the  usual  final  multiplicities 
ifection.  Control  cultures  were  inocu- 
1  in  the  same  manner  with  either  SFV 
^SV  alone.  After  viral  adsorption  the 
ires  were  washed  and  nourished  with 
Si  as  described  in  the  previous  experi- 
t.  Appropriate  concentrations  of  hy- 
yurea  were  included  in  the  medium. 

cultures  were  then  divided  into  two 
ps  and  given  an  additional  0.1  ml  of 


medium  plus  or  minus  10  fiCi  of 
['H]thymidine.  Incubation  was  continued  at 
37°.  At  3  and  30  hr  after  infection,  cultures 
not  treated  with  radioisotope  were  placed 
at  -55**  to  be  assayed  later  for  infectious 
SFV  and  VSV.  Cultures  labeled  continu- 
ously with  [^H]thymidine  until  30  hr  after 
infection  were  also  frozen  at  -55**  and  then 
assayed  later  by  equilibrium  centrifugation. 

Results  in  Table  II  show  that  SFV  was 
able  to  facilitate  VSV  replication  in  the 
presence  of  hydroxyurea.  At  all  of  the  con- 
centrations of  inhibitor  tested,  by  30  hr 
after  infection,  yields  of  VSV  in  the  dually 
infected  cultures  were  more  than  10,000- 
fold  greater  than  in  controls  inoculated  with 
VSV  alone.  These  yields  were  comparable 
to  those  produced  in  the  absence  of  the 
drug.  Interestingly,  in  repeated  experi- 
ments, yields  of  VSV  were  somewhat  lower 
at  100  mAf  hydroxyurea  than  at  either  10 
or  50  mAf.  Because  the  presence  of  hydrox- 
yurea did  not  permit  VSV  to  replicate  in 
cultures  inoculated  with  VSV  alone,  the 
facilitation  of  VSV  observed  in  the  doubly 
infected  cultures  was  caused  by  SFV  rather 
than  by  some  effect  induced  by  the  drug. 
When  these  various  cultures  were  assayed 
for  infectious  SFV,  including  those  inocu- 
lated with  SFV  alone,  production  of  virus 
was  found  to  have  been  inhibited  by  greater 
than  99%  at  all  three  concentrations  of 
hydroxyurea  (data  not  shown). 

The  extent  of  inhibition  of  DNA  synthesis 
by  hydroxyurea  in  the  dually  infected  cul- 
tures is  presented  in  Fig.  1 .  Rather  than  for 
successive  short  pulses,  pH]thymidine  was 


TABLE  II.  FACiLrTATiON  of  VSV  in  DRK,  Cells 
BY  SFV  IN  THE  Presence  of  Hydroxyurea. 


Hydroxyu- 

Yield of  VSV*^ 

Inoculum" 

rea* 

(mA/) 

(PFU/culture) 

SFV  +  VSV 

0 

7.5  X  10« 

SFV  +  VSV 

10 

3.3  X  10» 

SFV  +  VSV 

50 

3.8  X  10» 

SFV  +  VSV 

100 

l.Ox  10« 

VSV 

0 

7.8  X  10^ 

VSV 

100 

1.0  X  10^ 

«  Cultures  were  inoculated  with  a  mixture  of  SFV 
and  VSV  or  with  VSV  alone  at  multiplicities  of  10 
SFV  FFU/cell  and  20  VSV  PFU/cell. 

*  The  drug  was  present  4  hr  before,  as  well  as 
throughout  the  entire  30  hr  period  of  infection. 

*•  Infectious  VSV  was  assayed  30  hr  after  infection. 
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Fig.  1.  Analysis  of  DNA  synthesis  in  cultures  of 
DRK]  ceils  inoculated  simultaneously  with  SFV  and 
VSV  in  the  absence  (A)  or  presence  of  hydroxyurea  at 
concentrations  of  10  mAf  (B),  50  mAf  (C),  or  100  mAf 
(D).  Nonconfluent  DRKj  cultures  were  treated  with 
the  various  concentrations  of  hydroxyurea  for  4  hr  at 
3T  and  then  inoculated  with  a  mixture  containing  10 
SFV  FFU/cell,  20  VSV  PFU/cell,  and  the  appropriate 
amounts  of  the  inhibitor.  After  2  hr  at  3T,  10  ^Ci  of 
[^H]thymidine  was  added  and  remained  continuously 
until  30  hr  postinfection.  Samples  were  then  digested 
with  Pronase  and  Sarkosyl  in  the  presence  of  EDTA, 
subjected  to  isopycnic  centrifugation  in  cesium  chlo- 
ride, and  assayed  for  acid-precipitable  radioactivity. 

present  continuously  tor  an  extended  period 
of  time  to  detect  low  levels  of  DNA  synthe- 
sis. Because  the  guanidine-cytosine  content 
of  SFV  DNA  (8)  is  similar  to  that  of  rabbit 
cell  DNA  (9),  the  assay  method  used  was 
not  expected  to  distinguish  between  viral 
and  cellular  DNA.  Equilibrium  centrifuga- 
tion was  used  as  a  means  to  identify  the  un- 
labeled material  as  DNA.  In  the  absence  of 
hydroxyurea  there  was  a  single  sharp  peak 
of  ^H-labeled  DNA  at  the  characteristic 
buoyant  density  of  1 .69  g/cm^.  Despite  in- 
hibition of  infectious  SFV  production  by 
greater  than  99%,  continuous  labeling  for 
28  hr  revealed  the  synthesis  of  small 
amounts  of  DNA  at  all  of  the  concentrations 
of  hydroxyurea  tested.  Calculations  based 
on  the  total  counts  per  minute  in  each  peak 


showed  inhibitions  of  89,  95,  and  9; 
respective  drug  concentrations  of  li 
and  100  mAf.  Similar  results  were  foi 
repeated  experiments.  Although  these 
amounts  of  DNA  were  synthesized 
unlikely  that  they  were  necessary  fo 
to  facilitate  VSV.  As  shown  in  Tal 
except  for  the  somewhat  decreased  yi 
infectious  VSV  at  100  mAf  hydrox 
probably  caused  by  drug  cytotoxicity, 
was  apparent  in  parallel  noninfected  c 
cultures,  the  marked  inhibition  of 
synthesis  by  hydroxyurea  did  not  affc 
extent  of  facilitation.  In  fact,  inhibito 
centrations  of  10  and  50  mM  seen 
enhance  replication  of  the  VSV. 

To  determine  whether  DRK3  eel 
nonpermissive  for  VSV  alone,  or  w 
they  are  abortively  infected,  cultures  t 
with  the  virus  were  examined  for  (i) 
tion  of  cellular  DNA  synthesis  and  j 
duction  of  viral  CPE.  As  a  positive  c 
for  this  experiment,  permissive  Ven 
were  examined  in  parallel  with  the 
cells.  Actively  growing  cultures  cont 
comparable  numbers  of  each  kind  < 
were  inoculated  with  0.2  ml  of  VSV  c 
in  maintenance  MEM  to  give  a  multi 
of  20  PFU/cell.  Control  cultures 
mock-infected  with  the  MEM  only.  A 
hr  at  37°,  1  ml  of  the  same  mediui 
added  to  each  culture  without  remo 
the  inoculum.  At  various  times  aftei 
ulation  replicate  cultures  were  pulse-h 
for  2  hr  by  the  addition  of  10  p 
PHjthymidine.  Following  each  puis 
cultures  were  frozen  at  -55°  until  a: 
for  the  amount  of  [?H]thymidine  in< 
rated  into  acid-precipitable  material, 
scribed  above.  Total  ?H  counts  per  r 
present  in  the  virus-treated  cultures 
then  compared  with  those  present 
mock-infected  controls. 

As  shown  in  Fig.  2A,  in  DRK3  ci 
VSV  was  unable  to  inhibit  incorporat 
[^HJthymidine  into  material  presum 
be  cellular  DNA.  Even  after  24  hr 
not  shown)  no  inhibition  was  obs( 
Contrastingly,  synthesis  of  cellular 
was  markedly  inhibited  by  VSV  in  th 
missive  Vero  cultures.  By  10  hr  aftei 
ulation,  incorporation  of  label  into  t 
rus-treated  cultures  was  about   959 
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HOURS  OF  PULSE 
IG.  2.  Comparison  of  cellular  DNA  synthesis  in 
-treated  and  untreated  DRK3  cells  (A)  and  Vero 
(B).  Nonconfluent  cultures  of  both  kinds  were 
ilated  with  maintenance  MEM  or  the  same  me- 
I  containing  20  VSV  PFU/cell.  At  the  indicated 
I,  10  fiCi  of  ['H]thymidine  was  added  to  replicate 
res  for  a  pulse  period  of  2  hr  at  37**.  Each  point 
^sents  the  total  amount  of  acid-precipitable  'H- 
ed  material  in  the  virus-treated  cultures  relative 
at  present  in  the  mock-treated  controls  pulsed  at 
ame  time. 

1  in  the  controls.  Microscopic  examina- 
of  the  various  cultures  showed  similar 
jrences.  At  24  hr,  whereas  no  detectable 
/  CPE  was  seen  in  the  virus-treated 
K3  cultures,  100%  of  the  Vero  cells 
lifested  the  rounded  appearance  charac- 
itically  induced  by  VSV  infection.  In 
nissive  cells  inoculated  with  VSV  alone, 
bition  of  cell  macromolecular  synthesis 
sars  to  be  associated  with  the  develop- 
t  of  CPE  (10,  11).  Since  induction  of 
:  at  low  input  multiplicities  requires 
hesis  of  VSV  messenger  RNA  (12,  13) 
scribed  by  the  virion-associated  tran- 
)tase  (14),  failure  of  VSV  to  inhibit 
\  synthesis  or  induce  CPE  in  DRK3 
indicates  that  these  cells  are  completely 
[>ennissive  for  this  virus. 
iscussion.  The  results  of  this  investiga- 
demonstrate  that  some  as  yet  unknown 
It  early  in  the  replicative  cycle  of  SFV, 
r  to  synthesis  of  its  DNA,  facilitates  the 
ication  of  VSV  in  DRK3  cells.  This 
ing  is  similar  to  that  of  Thacore  and 
ngner  (15),  who  reported  that  replica- 
of  VSV  in  rabbit  cornea  (RC-60)  cells 


is  markedly  facilitated  by  vaccinia  virus,  a 
cytolytic  poxvirus  related  to  SFV,  in  the 
absence  of  viral  DNA  synthesis.  Thus,  it 
appears  that  facilitation  of  VSV  in  certain 
restrictive  cells  is  a  property  common  to 
different  poxviruses. 

in  addition  to  supporting  the  contention 
that  poxviruses  characteristically  facilitate 
VSV  in  some  cells,  the  present  study  also 
shows  that  contemporaneous  replication  of 
W^V  in  such  cells  has  no  affect  on  replica- 
tion of  the  facilitating  poxvirus.  In  DRK3 
cells,  at  least,  SFV  replicated  to  the  same 
extent  whether  or  not  VSV  was  replicating 
at  the  same  time.  Apparently,  there  is  little 
or  no  competition  between  the  two  viruses 
during  synthesis  and  maturation  of  progeny 
virions. 

While  similarities  exist  between  facilita- 
tion of  VSV  by  poxviruses  in  DRK3  and 
RC-60  cells,  both  require  early  poxviral 
functions,  a  significant  difference  is  also 
apparent.  Replication  of  VSV  alone  in  RC- 
60  cells  reportedly  is  abortive;  at  multiplici- 
ties of  5-10  PFU/cell,  viral  CPE  occurs, 
some  viral  RNA  is  synthesized,  and  small 
amounts  of  viral  cores  are  detectable  (15). 
In  contrast,  the  present  study  indicates  that 
DRK3  cells  are  nonpermissive  for  VSV.  At 
a  comparable  multiplicity  of  20  PFU/cell, 
no  virus-induced  inhibition  of  cellular  DNA 
synthesis  occurred,  and  viral  CPE  did  not 
develop.  Thus,  interaction  between  VSV 
and  SFV  in  these  cells  appears  to  be  unique. 
Since  in  permissive  cells  infected  by  VSV 
alone  at  these  low  input  multiplicities  induc- 
tion of  CPE  seems  to  require  primary  tran- 
scription of  the  viral  genome  (12),  the  fail- 
ure of  VSV  to  cause  CPE  in  DRK3  cells 
suggests  that  viral  replication  in  these  cells, 
unlike  RC-60  cells,  is  blocked  before  this 
initial  synthetic  event  occurs.  One  very  early 
step  in  VSV  replication  that  may  be  blocked 
is  viral  adsorption.  Since  it  is  known  that 
SFV  alters  the  plasma  membrane  of  infected 
DRK3  cells  (16),  it  is  conceivable  that  SFV 
modifies  the  cell  surface  to  provide  recep- 
tors which  then  allow  VSV  to  be  adsorbed. 
This  may  explain  why  the  presence  of  VSV 
does  not  affect  focus  formation  by  SFV  in 
our  differential  assay  of  the  two  viruses.  If 
VSV  in  a  mixed  inoculum  is  unable  to 
attach  to  monolayers  of  DRK3  cells  during 
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the  period  for  viral  adsorption,  addition  of 
the  overlay  medium  would  likely  prevent  it 
from  later  infecting  the  foci  of  SFV-in- 
fected,  permissive  cells.  Whether  infection 
by  SFV  does  in  fact  facilitate  VSV  adsorp- 
tion to  these  cells,  however,  will  require 
further  investigation,  especially  since  in 
their  original  study  Padgett  and  Walker  (1) 
concluded  that  VSV  is  adsorbed  in  the  ab- 
sence of  SFV. 

Summary.  In  serially  cultured  domestic 
rabbit  kidney  (DRK3)  cells,  vesicular  sto- 
matitis virus  (VSV)  alone  was  unable  to 
replicate,  inhibit  synthesis  of  cellular  DNA, 
or  induce  CPE.  When  these  cells  were  in- 
oculated simultaneously  with  VSV  plus 
Shope  fibroma  virus  (SFV),  both  viruses 
replicated  without  apparent  interference. 
This  faciliation  of  VSV  by  SFV  also  oc- 
curred when  these  dually  inoculated  cells 
were  treated  with  hydroxyurea  at  concentra- 
tions which  inhibited  production  of  infec- 
tious SFV  by  greater  than  99%  and  synthe- 
sis of  viral  and  cellular  DNA  with  a  buoyant 
density  in  cesium  chloride  of  1 .69  g/cm^  by 
greater  than  90%.  These  results  indicate 
that  an  early  event  in  the  replication  of 
SFV,  before  viral  DNA  synthesis,  converts 
DRK3  cells  from  a  nonpermissive  state,  in 
which  VSV  alone  is  not  even  able  to  induce 
CPE,  to  a  permissive  state  that  allows  com- 
plete VSV  replication. 
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investigators  have  reported  that 
IS  and  androgens  may  affect  blood 
ic  lipids  (1,2).  Estrogen  administra- 

been  shown  to  increase  serum  high 
(a)  lipoproteins  and  decrease  low 
()3)  lipoproteins  (3,  4).  Barr  et  al. 

noted  the  inverse  relationship  be- 
;he  ratio  of  aip  lipoproteins  and 
bility  to  coronary  heart  disease.  This 
ship  has  been  given  considerable 
/  as  newer  means  of  measuring  the 
►protein  ratio  have  become  available 

n  et  al.  (9)  reported  an  increase  in 
:holesterol  levels  following  oopho- 
,  and  Mann  and  Thorogood  (10) 
ggested  that  ovarian  hormones  may 
premenopausal  women  from  Type 
rlipoproteinemia. 

of  the  data  on  the  effect  of  estro- 
d  androgens  on  serum  lipids  and 
eins  concern  middle-aged  men  and 

little  is  known  about  these  effects 

life.  Since  the  rhesus  monkey  is 
i  to  have  a  menstrual  cycle  and 
e    levels   comparable    to   those   in 

(11),  the  effects  of  17)3-estradiol 
osterone  propionate  on  the  plasma 
els  of  juvenile  female  monkeys  were 

ials  and  methods.  Fifteen  5-month- 
pubertal  female  rhesus  monkeys 
ue  mulatta)  weighing  1.1  ±  0.4  kg 
d  a  laboratory  monkey  ration  ad 

The  diet  was  supplemented  with 
id    vitamins.    The    monkeys    were 

weekly  and  their  stage  of  sexual 
ment  and  evidence  of  menses  re- 
Five  monkeys  were  given  subsca- 

►rted  in  part  by  USPHS  research  Grants  HL- 
J  HL-05209,  and  Research  Career  Award 
'rom  the  National  Heart  and  Lung  Institute 
2376  from  the  National  Cancer  Institute. 


pular  implants  of  Silastic  capsules  contain- 
ing 10  mg  of  17)3-estradiol.  Five  other  mon- 
keys were  given  similar  implants  containing 
15  mg  of  testosterone  propionate.  Capsules 
were  prepared  according  to  the  method  of 
Karsch  et  al.  (12)  and  were  replaced  every 
month  over  the  course  of  the  study. 

Blood  samples  were  taken  monthly  until 
menarche,  which  occurred  when  the  body 
weight  of  the  monkeys  reached  3.4  kg. 
Many  of  the  initial  menses  were  anovula- 
tory. 

Blood  was  drawn  from  the  femoral  vein 
using  heparinized  syringes.  Plasma  estradiol 
and  testosterone  levels  were  measured  by 
radioimmunoassay  (RIA),  the  former  by 
the  method  of  England  et  al.  (13)  and  the 
latter  according  to  Furuyoma  et  al.  (14). 
Plasma  cholesterol  and  triglyceride  levels 
were  determined  by  standard  Autoanalyzer 
methodology  as  described  by  Schwartz  and 
Hill  (15).  The  low  ()3)  and  high  (a)  density 
lipoproteins  were  separated  by  dextran  sul- 
fate fractionation  (16)  and  the  cholesterol 
content  of  the  fractions  was  determined 
(17).  The  lipoprotein  phospholipid  content 
was  determined  by  the  method  of  Kraml 
(18).  Livers,  ovaries,  and  adrenal  glands 
were  weighed  when  the  animals  were  killed. 
Statistical  differences  were  computed  using 
Student's  r  test. 

Results  and  discussion.  There  were  no 
significant  differences  in  weight  gain  be- 
tween treated  and  untreated  monkeys  (Fig. 
1).  Cholesterol  levels  of  all  groups  showed 
a  type  of  seasonal  variation  which  had  been 
seen  previously  in  monkeys  (19);  however, 
cholesterol  levels  were  reduced  in  both 
groups  of  hormone-treated  monkeys.  The 
estrogen-treated  monkeys  exhibited  the 
lowest  cholesterol  levels  throughout  (Fig. 
1).  Phospholipid  levels  were  significantly 
lower  in  the  two  hormone-treated  groups 
and   were   also  consistently   lower  in   the 
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Fig.   1 .  Changes  in  body  weight  and  plasma  lipids  in  untreated  monkeys  (# #)  and  in  monkeys  bearing 

implants  of  testosterone  proprionate  (• •)  or  17/3-estradiol  (O O).  (•)P  <  0.05;  (••)P  <  0.01 . 


estradiol  group  (Fig.  1).  Triglyceride  levels 
were  generally  comparable  for  all  groups. 
The  plasma  cholesterol  levels  and  the  a//3 
lipoprotein  cholesterol  ratios  are  shown  in 
Table  I.  The  estradiol  group  exhibited  the 
lowest  levels  of  plasma  cholesterol  and  of 
a/)3  lipoprotein  cholesterol  ratio. 


Implantation  of  17/3-estradiol  or  testos- 
terone resulted  in  significantly  elevated 
levels  of  the  respective  hormones  (Figs.  2 
and  3).  Delayed  development  of  sexual 
characteristics  such  as  sex  skin  and  clitoral 
hypertrophy  were  evident  in  the  testoster- 
one-treated monkeys. 
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TABLE    I.  Total  Plasma  Cholesterol,  a  Lipoprotein  Cholesterol,  and  a/fi  Lipoprotein 
Cholesterol  Levels  in  Monkeys  after  2  Years  of  Estrogen  or  Androgen  Treatment. 


Group 


No. 


Plasma  cholesterol 
(mg/dl) 


a  Lipoprotein  cho- 
lesterol (mg/dl) 


aip  Lipoprotein 
cholesterol  ratio 


Control 
Testosterone 
propionate 
17/3-Estradiol 


152  ±  4.2° 
140  ±  11.6 

126  ±  7.9* 


57  ±  5.3 
48  ±  2.9 

40  ±  2.7** 


0.60  ±  0.07 
0.55  ±  0.08 

0.49  ±  0.05 


'  Standard  error. 
*  P  <  0.02  vs  control. 
P  <  0.05  vs  control. 
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Fig.  2.  Plasma  estrogen  levels  in  untreated  mon- 
keys (• •)  or  in  monkeys  bearing  implants  of 

testosterone  propronate  (•- •)  and  17/3-estradiol 

(O O)  during  puberty.  (••)P  <  0.01. 
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Fig.  3.  Plasma   testosterone    levels   in    untreated 

monkeys  (• •)  or  in  monkeys  bearing  implants  of 

testosterone  propionate  (•- •)  and  17/3-esiradiol 

(O O)  during  puberty.  (••)P<0.01. 

There  were  no  significant  changes  in  the 
weights  of  livers,  ovaries,  or  adrenal  glands 
(Table  II). 

In  man,  serum  cholesterol  increases  rap- 
idly after  birth  and  then  usually  increases 
progressively  with  age.  An  increase  in  se- 
rum cholesterol  early  in  life  has  also  been 
reported  for  nonhuman  primates  (20).  In 


man  the  lipoprotein  level  and  distribution 
of  lipids  between  the  lipoprotein  classes 
appear  to  be  established  prior  to  puberty 
(21). 

Estradiol  levels  in  the  rhesus  monkey 
increase  during  puberty  (22),  but  few  data 
are  available  on  lipoprotein  levels  in  pre- 
pubertal monkeys  (23).  Methyl  testosterone 
and  other  testosterone  analogs  have  been 
reported  to  lower  serum  lipids  in  hyperlipi- 
demic  individuals  (24),  although  their  effect 
on  the  a  and  )3  lipoproteins  may  be  diet 
dependent  (25).  In  this  study  prolonged 
elevation  of  testosterone  levels  did  not  ef- 
fect significant  lowering  of  cholesterol  lev- 
els. Testosterone  propionate  treatment  did 
not  influence  weight  gain,  although  marked 
signs  of  virilization  were  evident. 

The  lower  cholesterol  levels  observed  in 
monkeys  bearing  estradiol  implants  may  re- 
flect the  effects  of  raising  plasma  estrogen 
levels  before  puberty  to  the  level  found  in 
early  follicular  and  late  luteal  phases  of  the 
menstrual  cycle.  Estrogen  has  been  re- 
ported to  transfer  cholesterol  from  serum 
to  liver  (26)  and  to  alter  catabolism  of  the 
very  low  density  lipoproteins  (27)  and  the 
a  lipoproteins  (28).  Plasma  lipids  are  ele- 
vated in  oophorectomized  women  (9)  and 
the  risk  of  coronary  heart  disease  in  women 
increases  after  menopause  (29).  The  higher 
levels  of  plasma  estradiol  in  African  girls,  as 
compared  to  their  Caucasian  counterparts, 
has  been  correlated  with  a  lower  risk  of 
coronary  heart  disease  (30). 

It  would  be  of  interest  to  determine  to 
what  degree  serum  hormone  levels  in  pre- 
pubertal rhesus  monkeys  can  be  modified 
by  diet  and  other  environmental  factors. 

Summary.  Juvenile  female  rhesus  mon- 
keys were  treated  with  either  17)3-estradiol 
or  testosterone  propionate   (by  implanta- 
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TABLE  II.  Organ  Weights  in  Female  Juvenile  Rhesus  Monkeys  (g). 


Weight  (kg)      Adrenal  glands  Ovaries 


Liver 


Untreated  control  (5)" 
I7/3-Estradiol  capsule  (5) 
Testosterone    propionate 
capsule  (5) 


4.82  ±  0.29 
5.08  ±  0.26 
5.23  ±  0.22 


1.00  ±0.12 
1.05  ±  0.07 
0.93  ±0.11 


0.35  ±  0.07 
0.42  ±  0.09 
0.39  ±  0.06 


91.6  ±  2.3 
89.3  ±  7.5 
99.2  ±  12.7 


Liver  as  % 
body  wi 

1.90 
1.76 
1.90 


**  Number  of  animals  given  in  parentheses. 

tion)  and  the  hormonal  levels  were  kept 
elevated  to  puberty.  There  was  no  effect  on 
weight  gain  in  either  group.  Estradiol  low- 
ered plasma  cholesterol  and  phospholipid 
levels  significantly.  Neither  treatment  had  a 
significant  effect  on  plasma  a/p  lipoprotein 
cholesterol  ratios  or  on  the  weights  of  liver, 
ovaries,  or  adrenals. 
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ants  of  growth  hormone  (GH)  in  the 
:dian  eminence  decrease  pituitary 
and  GH  content,  suggesting  a  nega- 
:dback  effect  of  GH  at  the  hypotha- 
jvel  (1).  Demonstration  of  the  pres- 
*  TSH  in  the  hypothalamus  also  im- 
lat  TSH  might  affect  hypothalamic 

(2).  Recently  Oliver  et  al.  (3)  re- 

that  hypophysial  portal  blood  not 
ows  from  median  eminence  to  the 
•y  gland  but,  as  well,  there  is  retro- 
:irculation  via  the  neurohypophysis 

primary  capillary  plexus.  Further, 
plasma  contains  high  concentrations 
I  neurohypophysial  and  adenohypo- 

hormones.  These  results  favor  a 
lat  the  pituitary  hormones  might  ex- 
irect  feedback  control  on  the  hypo- 
ropic  hormones  of  the  hypothala- 
)n  the  other  hand,  thyroidectomy 
in  the  degranulation  of  the  pituitary 
lil  cells  in  rats  (4),  but  also  decreases 
y  GH  content  (5),  and  impairs  GH 
)n  (6).  The  mechanism  by  which  T4 
influence  GH  synthesis  in  the  pitui- 

still  unknown,  but  these  thyroid 
les  appear  to  exert  a  direct  effect  on 
litary  gland  (7). 

:  anesthetics  are  known  to  change 
e  of  secretion  of  various  pituitary 
les,  probably  by  an  effect  mediated 

hypothalamus.  The  administration 
ium  pentobarbital  (Nembutal)  into 
►cks  the  preovulatory  surge  of  gonad- 

and  ovulation  (8).  Nembutal  in- 

senim  GH  and  prolactin  levels  (9, 
hereas  urethane   reduces  GH  and 
in  (11). 
recent  studies  using  antiserum  to 


tudy  was  supported  in  part  by  NIH  research 
^-09094  and  AM-07467,  and  Veterans  Ad- 
en. 


somatostatin  indicated  that  this  tetradeca- 
peptide  is  involved  in  a  regulatory  mecha- 
nism of  GH  and  TSH  secretion  in  rats  (12). 

The  following  questions  could  be  raised: 
1 .  If  a  short  feedback  regulatory  mechanism 
takes  place  for  GH  and  TSH  secretion, 
does  the  removal  of  GH  and  TSH  by  hy- 
pophysectomy affect  the  hypothalamic  so- 
matostatin? 2.  Does  the  absence  or  the 
excess  of  circulating  thyroid  hormone  affect 
the  hypothalamic  somatostatin?  3 .  Do  Nem- 
butal and  urethane  modify  somatostatin 
content  of  the  hypothalamus?  Our  studies 
were  designed  to  answer  some  of  these 
questions. 

Materials  and  methods.  Experimental  pro- 
cedures. Young  adult  male  rats  of  CD  strain 
from  Charles  River  were  used  throughout 
the  experiments.  They  were  maintained  at 
a  constant  temperature  (24°)  and  illumina- 
tion (lights  on  0500-1900  hr)  and  were 
given  free  access  to  tap  water  and  Purina 
laboratory  chow. 

In  Exp.  I,  the  rats  were  hypophysecto- 
mized  when  they  were  35-days  old  and 
sacrificed  by  decapitation  24  days  or  2.5 
months  after  the  operation.  Intact  age- 
matched  rats  served  as  controls. 

In  Exp.  II,  70-day-old  male  rats,  weighing 
300-350  g,  were  divided  into  the  following 
four  groups:  Group  1,  intact  control  rats; 
Group  2,  thyroidectomized  rats.  These  two 
groups  were  injected  with  0.2  ml  of  0.9% 
saline  subcutaneously  (sc).  Group  3,  thy- 
roidectomized rats  were  injected  with  0.1 
/xg  of  L-thyroxine  (T4)  sc;  and  Group  4, 
normal  rats  were  injected  with  10  /Ltg  of  T4 
sc.  All  groups  were  injected  every  2  days 
for  10  days. 

In  Exp.  Ill,  the  rats  were  injected  with 
4.5  mg  Nembutal/100  g  body  weight  (bw) 
intraperitoneally  (ip)  or  150  mg  urethane/ 
100  g  bw  ip.  They  were  sacrificed  by  decap- 
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itation  5,  10,  30  min  to  1  or  2  hr  after  the 
injection  of  the  anesthetic.  The  blood  was 
allowed  to  clot;  the  serum  was  separated  by 
centrifugation  and  kept  at  -20°  until  as- 
sayed for  GH  and  TSH. 

Extracts  of  the  hypothalami  of  rats.  Im- 
mediately after  decapitation,  the  hypotha- 
lamic tissue  from  the  posterior  margin  of 
the  optic  chiasma  to  the  mammillary  body 
and  laterally  to  the  lateral  boundary  of  the 
tuber  cinereum  and  dorsally  approximately 
1  mm  from  the  ventral  surface,  was  dis- 
sected and  immediately  frozen.  The  hypo- 
thalamic tissue  was  then  homogenized  in  1 
ml  of  ice-cold  2  N  acetic  acid,  heated  for  5 
min  in  boiling  water,  chilled,  and  centri- 
fuged  at  3000  rpm  for  15  min  at  4°.  Seven- 
tenths  ml  of  the  supernatant  was  lyophi- 
lized.  The  residue  was  dissolved  in  a  diluent 
for  radioimmunoassay  (RIA)  shortly  before 
the  assay.  The  inhibition  curves  of  the  hy- 
pothalamic extracts  in  the  RIA  for  somato- 
statin and  LH-RH  were  parallel  to  those  of 
synthetic  somatostatin  and  LH-RH,  respec- 
tively. The  results  were  expressed  as  ng  of 
somatostatin  or  LH-RH  per  hypothalamus 
(ng/SEM)  and  per  100  g  bw. 

Radioimmunoassay.  LH-RH  was  mea- 
sured by  RIA  as  described  by  Arimura  et 
al.  (12)  using  rabbit  antiserum  #743  at  a 
final  dilution  of  1:28000.  The  sensitivity 
was  1  pg  per  tube.  The  antigenic  determi- 
nant of  this  antiserum  resided  in  the  amino 
acid  sequence  from  position  3  to  9.  The 
RIA  for  LH-RH  was  quite  specific  and  did 
not  exhibit  any  significant  cross-reaction 
with  other  hypothalamic  and  pituitary  hor- 
mones. 

Somatostatin  was  also  determined  by 
RIA  as  described  previously  (14)  using  rab- 
bit antiserum  to  cyclic  somatostatin  #101 
at  a  final  concentration  of  1:28000.  N-Tyr- 
Somatostatin,  a  pentadecapeptide  prepared 
by  Dr.  C.A.  Meyers,  was  iodinated  by  *^'^I 
using  lactoperoxidase,  purified  on  a  CMC 
column,  and  used  as  a  tracer.  The  standard 
curves  obtained  with  *^^I-N-Tyr-Somatosta- 
tin  and  ^^^I-Tyr'-Somatostatin  were  exactly 
the  same.  *^^I-N-Tyr-Somatostatin  was 
more  stable  than  *"I-Tyr*-Somatostatin. 
After  storage  for  1.5  months  at  -50°,  the 
former  could  be  used  for  RIA  without  re- 
purification.  The  cyclic  somatostatin  was 


used  as  the  reference  standard.  The  diluent 
for  RIA  was  0.25%  human  serum  albumin 
(HSA)/0.1%  gelatin/0.14  M  NaCl/0.025 
M  EDTA/0.01  M  phosphate  buffer  pH  7.5. 
The  sensitivity  of  the  assay  was  1  pg  per 
tube. 

The  serum  TSH  and  GH  levels  were 
determined  by  radioimmunoassay  (RIA), 
using  the  rat  pituitary  hormone  RIA  kits 
provided  by  NIAMDD.  The  data  were  ana- 
lyzed using  a  computer  program  described 
by  Duddleson  (14). 

Statistical  analysis.  The  mean  concentra- 
tions of  somatostatin  or  LH-RH  in  the  hy- 
pothalamus and  in  the  various  treatment 
groups  were  compared  by  using  factorial 
analysis  of  variance,  and  the  effect  of  each 
treatment  was  tested  for  a  significant  level. 
Mean  serum  GH,  TSH,  prolactin,  and  LH 
levels  in  various  groups  were  also  compared 
with  one  another  by  Duncan's  new  multiple 
range  test  (16). 

Results.  The  effect  of  hypophysectomy  on 
the  hypothalamic  somatostatin  and  LH-RH 
content.  The  mean  hypothalamic  somato- 
statin content  in  58-day-old  rats  which  were 
hypophysectomized  24  days  previously  was 
15.1  ±  1.78  (SB)  ng,  whereas  that  of  the 
age-matched  intact  rats  was  49  ±  4.9  ng 
(Fig.  1).  The  mean  somatostatin  content  of 
1 1 7-day-old  rats  which  were  hypophysecto- 
mized 79  days  before  was  2.2  ±  0.5  ng, 
and  that  of  the  age-matched  intact  rats  was 
24.5  ±  2.4  ng. 

Two  by  two  factorial  analysis  of  variance 
indicated  that  both  hypophysectomy  and 
aging  affected  hypothalamic  somatostatin 
content,  and  that  there  was  a  significant 
interaction  between  these  two  factors.  The 
somatostatin  content  in  11 7-day-old,  hy- 
pophysectomized rats  was  significantly 
smaller  than  in  any  of  the  other  groups. 
The  hypothalamic  somatostatin  content  of 
the  older  rats  (117  days  old)  was  signifi- 
cantly lower  than  that  of  the  younger  ani- 
mals (58  days  old)  in  both  intact  and  hy- 
pophysectomized animals. 

When  the  hypothalamic  somatostatin  was 
expressed  as  ng/100  g  bw,  the  content  in 
hypophysectomized  58-day-old  rats  was  not 
significantly  different  from  that  in  the  age- 
matched  animals,  whereas  the  content  in 
the   hypophysectomized,    117-day-old  rats 
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icantly  smaller  than  that  of  the 
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in  hypothalamic  LH-RH  contents 
i^sectomized  58-  and  117-day-old 
similar;  3.5  ±  0.3  ng/SME  and 
i  ng/SME,  respectively.  On  the 
,  the  mean  hypothalamic  LH-RH 
'  the  age-matched  intact  rats  were 
ng/SME  and  6.0  ±  0.8  ng/SME, 
y,  the  difference  being  significant 
\s  in  the  case  of  somatostatin, 
physectomy  and  aging  affected 
tiic  LH-RH  as  indicated  by  anal- 
ance. 

^absence  and  excess  of  T^  on  the 
tic  somatostatin,  LH-RH,  serum 
rSH  levels  in  rats.  As  shown  in 
ere  was  no  significant  difference 
othalamic  somatostatin  and  the 
►ntents  between  the  control  rats 
).2  ng,  respectively),  the  thyroid- 
rats  (63.9  and  4.6  ng,  respec- 
j  thyroidectomized  rats  treated 
g  of  T4  (65  and  3.3  ng,  respec- 
I  the  rats  treated  with  10  /xg  of 
md  4.2  ng,  respectively).  The 
fi  TSH  concentration  in  the  thy- 
:ed  rats  (4.5  ±0.4  /xg/ml)  and 


in  those  thyroidectomized  and  treated  with 
0.1  /xg  of  T4  (3  -h  0.2  /xg/ml)  were  signifi- 
cantly higher  than  the  serum  TSH  level  in 
the  control  rats  (0.57  ±  0.04  /xg/ml), 
whereas  the  serum  TSH  levels  in  the  normal 
rats  treated  with  10  /xg  of  T4  (0.4  ±  0.05 
/xg/ml)  were  significantly  lower  than  the 
control  (P  <  0.05).  The  GH  levels  were  not 
significantly  different  between  the  groups, 
due  to  considerable  variation  in  each  group. 

Effect  ofurethane  and  Nembutal  anesthe- 
sia on  hypothalamic  somatostatin  and  LH- 
RH  content.  Five  min  after  urethane  injec- 
tion, the  hypothalamic  content  of  somato- 
statin appeared  to  rise  slightly,  but  this  was 
not  statistically  significant.  The  somatosta- 
tin decreased  significantly  (P  <  0.05)  10 
min  after  injection  and  then  showed  a  re- 
bound. The  serum  GH  levels  fell  rapidly 
immediately  after  injection  of  urethane  and 
remained  at  a  low  level  after  10  min. 

On  the  other  hand,  the  hypothalamic 
somatostatin  content  decreased  significantly 
(P  <  0.05)  5  min  after  injection  of  Nembu- 
tal, which  was  associated  with  an  apparent 
rise  of  serum  GH.  It  then  rose  gradually  for 
60  min  after  injection  and  then  decreased. 
Although,  due  to  a  large  variation  of  serum 
GH  in  each  group,  the  difference  in  GH 
between  the  groups  did  not  reach  a  signifi- 
cant level,  the  pattern  of  change  in  the 
hypothalamic  somatostatin  was  close  to  a 
mirror  image  of  the  pattern  of  change  in 


Ur«»hjnt  (l50m«/KX)g) 


NtiNjutol  ( ^^«T^9/  rOCg ) 


Fig.  2.  The  effect  of  urethane  (150  mg/ 100  g)  and 
Nembutal  (4.5  mg/100  g)  on  hypothalamic  LH-RH 
contents,  somatostatin  contents,  and  serum  GH  levels. 
The  concentration  of  hypothalamic  somatostatin  10, 
30,  and  120  min  after  urethane  injection  were  signifi- 
cantly different  from  those  of  the  control  level  (P  < 
0.05).  The  hypothalamic  somatostatin  contents  5,  10, 
and  60  min  after  Nembutal  administration  were  signif- 
icantly different  from  the  control  level  (P  <  0.05). 
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TABLE  L  Effect  of  Absence  or  Excess  of  Thyroid  Hormone  on  Hypothalamic  LH-RH  and 
Somatostatin  Contents  and  Serum  Pftuitary  Hormone  Levels 


Hypothalamic  LH- 
RH  (ng/SME) 


Hypothalamic  so- 
matostatin (ng/ 
SME) 


Serum  GH  (ng/ml) 


Serum  TSH  (/xg/ 
ml) 


Control  male  rats 
Thyroidectomized  rats  (T) 
t+0.1  MgT4 
Normal  rats  -♦-  10  /ng  T4 


5.2  ±  0.4(8)« 
4.6  ±  0.3(8) 

3.3  ±  0.5(6) 
4.2  ±  0.3(9) 


62.5  ±  3(8) 
63.9  ±4(7) 
65.0  ±4(6) 
65.7  ±  4.3(10) 


21.0  ±  10(9) 
14.8  ±  10(7) 

8.6  ±  5(5) 

15.1  ±  14(9) 


0.57  ±  0.04(7) 
4.5  ±  0.4  (6) 
3.0  ±0.2  (5) 
0.4  ±  0.06  (9) 


Mean  ±  SE.  The  number  in  parenthesis  represents  the  number  of  animals  in  each  group. 


the  serum  GH  levels.  The  hypothalamic 
content  of  LH-RH  did  not  change  after 
injection  of  these  anesthetics. 

Discussion.  The  present  study  indicates 
that  hypophysectomy  results  in  a  decrease 
in  both  somatostatin  and  LH-RH  contents 
of  the  hypothalamus  in  rats.  In  other  words, 
the  removal  of  the  target  organ,  the  pitui- 
tary gland,  resulted  in  a  decrease  in  both 
the  inhibiting  hormone  for  GH  and  TSH 
and  the  stimulating  hormone  for  LH  and 
FSH.  The  results  are  in  agreement  with 
findings  by  Baker  and  Yen  (17)  for  soma- 
tostatin, and  Baker  and  Dermodey  (18)  for 
LH-RH,  as  examined  by  immunocytochem- 
ical  methods,  and  with  the  finding  by  Wak- 
abayashi  et  al.  (19)  for  somatostatin  as 
examined  by  RIA.  Bassiri  and  Utiger  (20) 
reported  that  hypothalamic  TRH  also  de- 
creased after  hypophysectomy.  Reduction 
of  the  hypothalamic  hormone  content  may 
be  the  result  of  an  increased  release  and/or 
a  decreased  synthesis,  or  a  greater  rate  of 
secretion  than  those  of  synthesis,  regardless 
of  their  magnitudes.  It  is  unknown  which  of 
these  conditions  resulted  in  posthypophy- 
sectomy  decrease  in  hypothalamic  hor- 
mones. Although  Nallar  and  McCann  (21) 
reported  that  bioassayable  LH-RH  in  the 
plasma  increased  to  a  detectable  level  after 
hypophysectomy,  we  could  not  confirm 
their  results  (unpublished  observation). 
Since  hypophysectomy  reduced  the  contents 
of  both  release  inhibiting  and  release  stimu- 
lating hormones  in  the  hypothalamus,  it  is 
inconceivable  that  the  reductions  of  these 
hypothalamic  hormones  resulted  from  a 
short  feedback  action  provoked  by  the  re- 
moval of  pituitary  hormones.  Rather,  these 
reductions  appear  to  have  been  caused  by 
decreased  synthesis  associated  with  exten- 
sive degeneration  of  the  hypothalamic  hy- 


pophysial nerve  tract  following  surgery. 

However,  a  significant  difference  be- 
tween the  changes  in  hypothalamic  somato- 
statin and  LH-RH  was  observed  in  long-term 
hypophysectomized  rats.  Somatostatin  pro- 
gressively decreased  up  to  2 .5  months  after 
hypophysectomy,  whereas  LH-RH  did  not 
decrease  further  after  the  24th  postopera- 
tive day.  Hypothalamic  TRH  decreased  to 
54%  of  the  control  after  2  weeks  but  was 
restored  to  74%  of  the  control  after  4 
weeks,  which  could  be  the  result  of  regener- 
ation of  the  neural  tissue  (20).  Baker  and 
Yen  (17)  also  reported  that  the  greatest 
depletion  of  somatostatin  in  rats  was  ob- 
served in  the  medial  caudal  region  of  the 
hypothalamus,  where  the  regeneration  of 
the  neural  tissue  had  occurred.  Therefore, 
the  progressive  decrease  of  somatostatin 
even  after  the  neural  tissue  was  generated 
in  contrast  to  the  changes  in  LH-RH  and 
TRH  should  be  more  meaningful  if  any 
short  feedback  influence  were  to  be  consid- 
ered. It  is  possible  that  the  synthesis  of 
somatostatin  in  the  hypothalamus  may  re- 
quire a  certain  level  of  GH  and/or  TSH  in 
circulation,  whereas  synthesis  of  LH-RH 
and  TRH  may  not  need  gonadotropins  and 
TSH,  respectively. 

Although  somatostatin  appears  to  be  in- 
volved in  the  physiological  regulatory  mech- 
anism of  TSH  secretion  (12,  22,  23),  its 
level  in  the  hypothalamus  did  not  change 
by  either  excess  or  removal  of  the  thyroid 
hormones.  Thyroidectomy  and  excess  T4 
did  not  modify  the  hypothalamic  LH-RH 
content  either,  although  such  a  condition  is 
known  to  affect  the  pituitary  gonadal  func- 
tion (4).  Hypothalamic  TRH  does  not 
change  under  similar  conditions  (20). 

On  the  other  hand,  urethane  and  Nem- 
butal modified  the  somatostatin  content  but 
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he  LH-RH  content  in  the  hypothala- 

The  rapid  change  of  hypothalamic 
tostatin  could  reflect  the  rapid  change 
J  turnover  rate  of  this  hormone.  After 
ane  injection,  the  somatostatin  re- 
id  at  the  same  level  or  appeared  to 

a  slight  rise  at  5  min,  and  decreased 
icantly  at  10  min.  The  pattern  resem- 
that  of  hypothalamic  corticotropin  re- 
g  factor  (CRF)  after  stress.  The 
;e  of  hypothalamic  CRF  after  stress 
interpreted  as  the  result  of  a  rapid 
ise  of  synthesis  associated  with  an  en- 
;d  release  since  plasma  ACTH  rose 
ly  (24).  Since  the  apparent  rise  or  the 
ained  level  of  hypothalamic  somato- 

5  min  after  urethane  injection  was 
iated  with  a  rapid  decrease  of  serum 

this  could  also  be  interpreted  as  a 

increase  of  synthesis  associated  with 
hanced  release  of  somatostatin. 

the  other  hand,  the  hypothalamic 
tostatin  curve  was  almost  the  mirror 
J  of  the  serum  GH  curve  during  Nem- 

anesthesia.  However,  in  this  experi- 

the  initial  GH  levels  were  low  and 
3se  slightly  following  injection  of  Nem- 
.  It  is  not  clear  whether  this  relation- 
s  related  to  the  change  in  the  turnover 
pothalamic  somatostatin  and  GH  se- 
n. 

nmary.  Twenty-four  days  after  hy- 
ysectomy  both  hypothalamic  somato- 

and  LH-RH  contents  decreased  to  Vj 
I  control  values  in  male  rats.  The  LH- 
^mained  unchanged  thereafter,  whereas 
>matostatin  continued  to  fall  until  2.5 
lis  after  hypophysectomy.  The  hypo- 
nic  somatostatin  and  LH-RH  contents 

7  day  old  rats  (24.5  and  6.0  ng, 
:tively)  were  significantly  lower  than 

in  59-day-old  rats  (49  and  9.1  ng, 
ctively). 

/roidectomy  and  excess  of  T4  did  not 
ry  the  hypothalamic  somatostatin  in 
IH  content.  On  the  other  hand,  an 
ion  of  Nembutal  or  urethane  altered 
/pothalamic  somatostatin  content,  but 
he  LH-RH  content.  After  urethane 
ion  the  somatostatin  content  did  not 
;e  at  5  min  as  compared  with  the  level 
ime,  but  showed  a  decrease  at  10  min. 
was  associated  with  a  rapid  fall  of 


serum  GH  level  which  remained  low  there- 
after. The  hypothalamic  somatostatin  then 
increased  stepwise.  Nembutal  caused  a  de- 
crease of  the  hypothalamic  somatostatin 
content  at  5  and  10  min  and  an  increase  at 
60  min.  The  pattern  of  change  in  the  hypo- 
thalamic somatostatin  levels  resembled  a 
mirror  image  of  the  patterns  of  change  in 
the  serum  GH  levels. 

We  are  greatly  indebted  to  Rosalie  Rusinko.  Joan 
Gauthier,  and  Jira  Wade  for  their  excellent  technical 
assistance  and  to  Elizabeth  Wedemeyer  for  her  edito- 
rial assistance . 
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sequence  of  the  1-34  amino  terminal 
ically  active  fragment  of  human  para- 
d  hormone  (hPTH)  is  not  unequivo- 
lucidated  as  three  residues  are  contro- 

(1,  2).  Immunochemical  studies  in- 
g  these  two  sequences  have  yielded 
/hat  conflicting  results.  Fisher  et  al. 
ising  antibodies  raised  against  ex- 
J  hPTH,  showed  a  complete  cross- 
)n  between  extracted  hPTH  and  the 
N-terminal  fragment  synthesized  ac- 
g  to  the  structure  proposed  by  Brewer 
(1-34  hPTH  B)  (1).  Segre  and  Potts 
iing  several  different  heterologous  an- 
5s  raised  against  bovine  parathyroid 
me,  showed  that  1-34  fragment  syn- 
id  according  to  the  sequence   pro- 

by  Niall  et  al,  (2)  (1-34  hPTH  N) 
ghly  purified  hPTH  displaced  the  bo- 
TH  tracer  in  an  identical  manner.  In 
jystem,  low  or  no  displacement  was 
'ed  with  1-34  hPTHB. 
have  shown  (5)  that  extracted  hPTH 
munochemically    identical    to    1-34 

N,  using  a  homologous  radioimmu- 
ly  specific  for  this  peptide.  This  ra- 
Tiunoassay  could  eventually  be  used 
e  measurement  of  hPTH  present  in 
;  or  plasmas.  It  was  however  essential 
npare  1-34  hPTH  N  with  circulating 
,  preferably  normal.  Therefore  we 
extracted  hPTH  from  normal  plasma 
inity  chromatography  and  compared 
nunochemical  properties  with  the  syn- 

peptide.  Simultaneous  comparisons 
ilso  carried  out  with  extracted  hPTH, 
)uso  extracts  of  adenoma  cultures  and 
)lasma  obtained  from  hyperparathy- 
atients. 

erials  and  methods.  Homologous  RIA 
34  hPTH  N.  A  sensitive  radioimmu- 
ly  (7  pg  per  tube)  was  developed  using 
»dies  raised  in  the  goat  against  the  1- 
TH  N.  The  synthetic  peptide  (5)  was 


labeled  with  *^*I  using  the  chloramine  T 
method  (6).  The  labeled  tracer  was  purified 
by  Ouso  G.32  (7)  and  by  chromatography 
on  Sephadex  G-25  (Pharmacia).  Fifty  pico- 
grams  of  the  tracer  was  incubated  in  barbital 
buffer,  pH  8.6,  0.05  A/,  containing  17%  (by 
volume)  of  normal  human  plasma  to  mini- 
mize adsorption  of  hormone,  sodium  azide 
(0.2%),  and  antibody  GlO/017  at  a  final 
dilution  of  1/250,000  and  increasing 
amounts  of  unlabeled  peptide  (0.008-16 
ng).  All  preparations  tested  were  lyophi- 
lized  and  dissolved  in  the  standard  bu^er, 
and  multiple  dilutions  were  added  in  the 
radioimmunoassay.  Final  incubation  vol- 
ume was  500  /xl  and  incubation  was  carried 
out  for  7  days  at  4°.  Separation  of  bound 
and  free  tracer  was  achieved  by  dextran- 
coated  charcoal  (8). 

Affinity  chromatography.  Affinity  chro- 
matography was  performed  using  either  an- 
tibodies against  the  1-34  hPTH  N  (column 
1)  or  antibodies  against  bovine  PTH  (col- 
umn 2).  The  two  types  of  antibodies  were 
selected  for  their  high  cross  reaction  with 
hPTH.  Coupling  to  Sepharose  4B  (Pharma- 
cia) was  performed  by  the  cyanogen  bro- 
mide technique  (9)  according  to  the  proce- 
dure we  have  used  for  anticalcitonin  anti- 
bodies (10).  At  the  end  of  coupling,  un- 
reacted  material  was  removed  by  several  al- 
ternate washes  of  standard  buffer  and  acetic 
acid  1  A/.  The  coupled  antibodies  were 
finally  resuspended  in  the  standard  buffer 
and  packed  in  two  small  chromatographic 
columns  (©:  0.9  cm,  L:  15  cm).  Specificity 
of  the  affinity  columns  was  established  by 
the  specific  binding  of  labeled  1-34  hPTH  N 
(column  1 )  or  labeled  bovine  PTH  (column 
2),  and  by  the  absence  of  binding  of  unre- 
lated labeled  peptides  such  as  porcine, 
salmon  or  human  calcitonin.  Nonspecific 
binding  never  exceeded  5% .  The  antibovine 
antibodies  used  in  column  2  were  predomi- 


241 


0037-9727 /78/\512-07.^\%^\  .^^\^ 

Copyright  C>  \91%  b^  X^t  SodtVj  \o\  ^xvttvnv«Tv\A'«>»Vsi«i  *»A.V«««!m 
AH  rights  rewTved. 


242 


HUMAN    PARATHYROID    HORMONE 


nantly  C-terminal  as  they  did  iiot  retain  the 
labeled  1-34  hPTH  N. 

Plasma  extracts.  Aliquots  (300  ml)  of 
normal  plasma  were  passed  on  each  column; 
after  a  distilled-water  wash,  fixed  immuno- 
reactive  material  was  eluted  using  1  M 
acetic  acid.  In  order  to  minimize  the  adsorp- 
tion of  immunoreactive  material,  effluents 
of  the  columns  were  directly  collected  on 
vessels  cooled  by  dry-ice.  The  acid  extracts 
obtained  from  both  columns  were  sepa- 
rately freeze-dried  and  dissolved  in  10  ml 
of  distilled  water;  the  purification  factor 
was  300.  Affinity  chromatography  (column 
1)  was  also  performed  on  plasma  samples 
obtained  from  a  totally  parathyroidecto- 
mized  patient  (PTX)  and  a  hyperparathy- 
roid  subject. 

Tissue  extracts.  Human  parathyroid  ade- 
nomas obtained  by  surgery  and  immediately 
frozen  in  dry  ice  were  pooled,  defatted, 
and  extracted  by  the  phenol-TCA  method 
(11).  Ouso  extracts  of  adenoma  culture 
medium  were  obtained  from  the  British 
Medical  Research  Council.  In  addition,  ex- 
tracts of  human  kidney  and  muscle  were 
prepared.  Protein  contents  of  the  extracts 
were  determined  by  the  Folin-Wu  tech- 
nique. 

Statistical  treatment  of  data.  The  ratio  of 
bound  tracer  to  bound  tracer  at  O  dose  of 
cold  hormone  (B/Bo)  was  computed  for 
each  dose  level.  Radioimmunoassay  curves 
were  linearised  using  the  arc  Sine  transform 
of  >/B/Bo  and  the  log  of  the  dose.  Regres- 
sion curves  were  then  performed  using  the 
method  of  least  squares. 

Results.  Figure  1  shows  that  whether  im- 
munoreactive material  present  in  normal 
plasma  is  extracted  by  antibodies  directed 
towards  the  1-34  hPTH  N  column  1  (N 
terminal)  or  bPTH  (column  2)  multiple  di- 
lutions of  the  two  extracts  are  superimposa- 
ble  on  the  standard  curve.  The  only  differ- 
ence is  that  total  amount  of  immunoreactive 
material  extracted  by  column  1  (anti  1-34 
hPTH  N)  was  four  times  higher  for  the 
same  sample  of  normal  plasma  than  the 
material  extracted  by  column  2  (anti 
bPTH). 

Concentration  by  affinity  column  of  non- 
specific factors  interfering  with  the  assay 
could  be  excluded  as  the  extract  of  30  ml  of 


.1-34  hPTH  N 
Affinity  COlumnI 


OjOIS    0.06     0.25 


ngPTH 


1.6       6.2       25        100       v>    •itract 

Fig.  1.  Cross  reaction  of  hPTH  extracted  from 
normal  plasma  by  affinity  column  anti  1-34  hPTH  N 
(•)  or  anti  bPTH  (A),  and  1-34  hPTH  N  (•)  in  a 
homologous  radioimmunoassay:  antiserum  goat  10/ 
017  1/250,000  anti  1-34  hPTH  N,  •*»!  labelled  1-34 
hPTH  as  tracer. 

PTX  plasma  was  unable  to  displace  the 
tracer;  in  contrast  the  extract  of  a  hyperpar- 
athyroid  plasma  (30  ml)  shows  total  cross- 
reaction  (Fig.  2).  In  addition,  multiple  dilu- 
tions of  a  plasma  obtained  from  a  hyperpar- 
athyroid  patient  (Fig.  2)  as  well  as  extracts 
of  adenomas  or  Ouso  extract  of  adenoma 
culture  medium  (Fig.  3)  were  superimposa- 
ble  on  the  standard  curve.  On  the  other 
hand,  no  displacement  of  the  tracer  was 
observed  with  extracts  of  muscle  or  kidney, 
even  at  concentration  10'*-fold  higher  than 
the  adenoma  extract. 

Discussion.  The  total  cross-reaction  ob- 
served with  hPTH  extracted  from  adenoma 
or  tissue  culture  medium  of  human  aden- 
oma and  the  1-34  hPTH  N  using  a  homolo- 
gous assay  for  this  fragment  suggests  that 
the  natural  hormone  or  its  N-terminal  frag- 
ments share  common  antigenic  sites  with 
the  peptide  synthesized  according  to  the 
sequence  proposed  by  Niall  et  al.  (2).  Such 
common  antigenic  sites  are  also  present  in 
the  hormone  or  its  fragments  circulating  in 
hyperparathyroid  plasma.  In  the  case  of 
normal  plasma,  concentration  of  immuno- 
reactive material  was  a  necessary  prerequi- 
site before  carrying  out  cross  reaction  stud- 
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Fig.  2.  Displacement  of  labelled  1-34  hPTH  N  by 
hyperparathyroid  plasma  (O),  extracts  from  plasma  of 
hyperparathyroid  patient  (■)  or  from  plasma  of  a 
parathyroidectomized  subject  (A)  and  1-34  hPTH  N 
(•)  in  a  homologous  R.I. A.  anti  1-34  hPTH  N. 

ies  due  to  the  low  amount  of  immunoreac- 
tive  hormone  present.  Extraction  by  column 
1  (anti  1-34  hPTH  N)  shows  that  in  the 
case  of  normal  plasma,  hPTH  or  some  of 
its  fragments  are  immunochemically  identi- 
cal to  fragment  1-34  hPTH  N.  Immuno- 
reactive  material  present  in  this  extract 
could  comprise  1-34  sequence  of  either 
smaller  or  larger  peptides  involving  the  N 
terminal  antigenic  site.  Column  2  does  not 
retain  molecules  ^1-34  sequence  and  thus 
the  antibodies  coupled  are  presumably  di- 
rected towards  mid  or  C  terminal  regions  of 
the  molecule  or  its  circulating  fragments, 
and  the  extract  tested  was  therefore  devoid 
of  molecules  ^  1-34.  The  result  of  the  ra- 
dioimmunoassay of  this  extract  and  the  total 
cross  reaction  observed  between  this  extract 
and  the  1-34  hPTH  N  demonstrates  the 
presence  in  normal  plasma  of  peptides  > 
than  1-34  and  intact  molecules.  This  implies 
that  radioimmunoassay  using  antibody  GIO/ 
17  will  measure  all  the  biologically  active 
fragments  present  in  peripheral  plasma  and 
probably  certain  biologically  inactive  mole- 
cules in  which  N  terminal  amino  acids  may 
be  missing.  As  we  have  already  pointed 
out,  extraction  by  affinity  chromatography 


=    c    ,.    muMl*  •xtract   2 
kidMy  •xtract     3 
n  0  n   adanoma  euttura  axtract  4 

•   •  •    1-34  tiPTH  N. 

Arctinyi 
80 

"V*^-^-*-*--*— *-i-^— ->^__ 

70 

\» 

60 

SO 

\ 

40 

\ 

30 

\ 

20 

\ 

10 

\ 

0 

OOIS    006     02S 
1.5        6        25 

I     i     I     I     I     I     I     I 
0.15     0.6       2.5 


1  4  ng  1-34  hPTH 

1Q0  .  490119  pfOta«n(2;3;4 ) 


40  ng  pfotain(l) 


Fig.  3.  Cross  reaction  of  extracts  from  adenoma 
(■),  adenoma  culture  medium  (D),  muscle  (A)  or 
kidney  (O)  and  1-34  hPTH  N  (•)  in  a  homologous 
R.I.Aianti  l-34hPTHN. 

is  not  total  as  fragments  of  hPTH  or  even 
the  intact  hormone  in  which  the  antigenic 
sites  are  either  masked  or  lacking  will  es- 
cape fixation.  Notwithstanding  these  limita- 
tions, the  affinity  chromatography  is  usefuU 
for  the  concentration  and  purification  of 
immunoreactive  species  present  in  blood  as 
well  as  for  obtaining  plasma  free  from  im- 
munoreactive material.  We  now  use  such 
plasma  for  minimising  adsorption  of  the 
hormone  instead  of  normal  plasma  in  the 
standard  assay. 

Our  results  further  substantiate  the  stud- 
ies of  Segre  and  Potts  (4)  which  showed 
with  heterologous  radioimmunoassays, 
identical  immunochemical  reaction  of  1-34 
hPTH  N  and  1-84  hPTH.  In  addition  our 
results  extend  this  identity  to  hPTH  or  its 
fragments  present  in  normal  or  hyperpara- 
thyroid plasma.  Our  findings  do  not  at  pres- 
ent disagree  with  those  obtained  by  Fisher 
etal.  (3)  i.e.,  the  immunochemical  similarity 
of  1-34  hPTH  B  and  1-84  hPTH,  as  the 
antiserum  used  shows  a  high  cross  reaction 
with  1-34  hPTH  B  synthesized  in  our  labo- 
ratory (12).  Furthermore  Fisher  et  al,  (3) 
did  not  study  the  cross  reaction  of  1-34 
hPTH  N  in  their  radioimmunoassay  sys- 
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terns,  and  thus  their  antibodies  like  ours 
could  have  been  directed  toward  common 
sequences  of  the  two  proposed  structures. 
The  results  obtained  in  this  study  imply 
that  hPTH  or  its  N  terminal  fragments  pres- 
ent in  parathyroid  gland  or  in  blood  share 
in  their  N  terminal  region  a  high  degree  of 
similarity  in  their  tertiary  structure  with  the 
sequence  proposed  by  Niall  et  al.  (2). 
Though  the  exact  structure  of  the  1-34 
hPTH  is  still  debated,  the  results  reported 
here  indicate  that  certain  antibodies  raised 
against  the  1-34  hPTH  N  can  be  used  in 
establishing  radioimmunoassays  specific  for 
circulating  hPTH  or  its  fragments.  Prelimi- 
nary results  using  this  radioimmunoassay 
show  that  immunoreactive  hPTH  can  be 
measured  in  normal  plasma  in  65%  of  cases, 
and  that  a  good  discrimination  between 
normal  and  hyperparathyroid  plasmas  is  ob- 
served (13). 

Summary.  Immunoreactive  human  parathyroid  hor- 
mone (hPTH)  was  isolated  from  normal  plasma  by 
Sepharose  bound  antibodies  raised  against  either  the 
synthetic  1-34  fragment  of  hPTH  (Niall  sequence)  or 
bovine  PTH.  The  isolated  material  was  compared  with 
extracted  hPTH,  Quso  extracts  of  adenoma  cultures, 
hyperparathyroid  plasma  and  the  synthetic  fragment 
using  a  radioimmunoassay  homologous  for  this  frag- 
ment. Complete  cross  reaction  of  all  preparations 
studied  was  observed  in  this  system,  indicating  that 
immunoreactive  material  separated  from  normal 
plasma  by  this  method  was  identical  with  the  synthetic 
peptide  and  implying  that  hPTH  or  its  fragments 
present  in  normal  and  hyperparathyroid  plasma,  in 
tissue  extracts  or  released  in  culture  medium  share 
common  tertiary  structures  with  the  1-34  peptide, 
synthetized  according  to  the  structure  proposed  by 
Niall  era/. 
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cts  of  the  Oral  Converting  Enzyme  Inhibitor  (SQ  14225)  on  One-Kidney 
Hypertension  in  the  Dog  (40030) 
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J.  M.  DeFORREST 
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recent  preliminary  studies  (1,  2), 
nonstrated  that  chronic  one-kidney 
iion  developed  in  the  dog  despite 
IS  angiotensin  blockade  during  the 
h  renin  phase  of  this  experimental 
The  angiotensin  II  antagonist, 
i*]  angiotensin  II,  and  the  convert- 
le  inhibitor,  SQ  20881 ,  were  given 
isly  for  1  and  2  days  before  and 

7  days  after  renal  artery  constric- 
ing  [Sar*,  Ala®]  angiotensin  II  in- 
),  arterial  pressure  appeared  to 
during  days  2-4  after  renal  artery 
on  but  the  change  was  not  signifi- 
fferent  from  the  level  of  arterial 
during  analog  infusion  in  normal 
ogs  until  the  fifth  day  after  renal 
mosis.  At  this  time,  the  level  of 
ressure  achieved  was  characteristic 
ironic  hypertensive  state.  During 
l\  infusion  (2),  arterial  pressure 
ignificantly  elevated  until  the  sixth 
renal  artery  constriction.  This  de- 
development  of  hypertension  dur- 
10881  infusion  appeared  to  result 
iotensin  blockade;  also,  a  possible 
It  rise  in  the  plasma  level  of  bra- 
md  the  associated  depressor  influ- 
this  peptide  was  considered.  As 
he  SQ  20881  infusion  was  discon- 
rterial  pressure  increased  further 

chronic  hypertensive  state  was 
.  The  findings  demonstrate  that  the 
^iotensin  system  need  never  be  ac- 
or  the  development  and  mainte- 
chronic  renovascular  hypertension, 
present  study,  the  new  oral  con- 
nzyme  inhibitor,  SQ  14225,  was 
iogs  1  day  before  and  7  days  after 
rry  stenosis  to  evaluate  further  the 
f  converting  enzyme  inhibition, 
me  converts  angiotensin  I  to  angi- 
I  and  degrades  bradykinin.  SQ 
ven   orally  to  rats  inhibited  the 


pressor  effect  of  angiotensin  I,  augmented 
the  depressor  action  of  bradykinin  and  low- 
ered arterial  pressure  in  experimental  renin- 
dependent  renovascular  hypertension  (3); 
also  McCaa  (4)  has  a  preliminary  report  to 
show  that  SQ  14225  lowered  arterial  pres- 
sure and  plasma  aldosterone  concentration 
and  increased  plasma  renin  activity  (PR)  in 
conscious  sodium-deficient  dogs.  The  pur- 
pose of  the  present  study  was  to  determine 
the  efficacy  of  orally  administered  SQ 
14225  on  the  development  of  experimental 
one-kidney  hypertension  in  dogs  and  to 
compare  this  response  to  that  obtained  ear- 
lier (1,2)  with  [SarS  Ala*]  angiotensin  II 
and  SQ  20881. 

Methods,  Three  female  hounds  (15-19 
kg)  were  unilaterally  nephrectomized  under 
sterile  conditions  and  catheters  were  placed 
in  a  femoral  artery  and  vein  for  chronic 
studies;  the  catheters  were  exteriorized  be- 
tween the  shoulder  blades.  The  animals 
were  allowed  to  recover  for  several  days 
and  they  were  trained  to  lie  quietly  on  a 
table .  Daily  measurements  of  arterial  pres- 
sure and  heart  rate  were  made  each  morning 
between  8:00-8:30  with  a  Statham  pressure 
transducer  and  a  Sanborn  recording  system, 
and  blood  was  drawn  for  determination  of 
plasma  electrolytes,  PR  A  and  plasma  aldos- 
terone concentration.  The  blood  samples 
were  collected  in  tubes  containing  0.1  ml 
of  10%  ethylene-diaminetetraacetic  acid 
(EDTA)  per  10  ml  of  blood;  the  samples 
were  cooled  in  an  ice  bath  and  centrifuged 
in  cold.  Plasma  was  stored  frozen  until  time 
of  radioimmunoassay  for  PRA  and  aldoster- 
one. Plasma  was  prepared  for  generation  of 
angiotensin  I  by  dialyzing  it  against  a  phos- 
phate buffer  (pH  5.4)  for  18  hr  (three 
changes);  diisopropylflourophosphate  (DFP) 
and  sodium  chloride  were  added  to  the 
plasma  prior  to  incubation  at  37°  for  60 
min.   The  reaction  was  then  stopped  by 
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placing  the  tubes  in  a  bath  of  ice-water. 
Angiotensin  I  content  was  quantified  by 
radioimmunoassay  (5)  and  PR  A  is  ex- 
pressed as  nanograms  of  angiotensin  I/ml/ 
hr.  Plasma  aldosterone  concentration  was 
determined  by  the  method  of  Biihler,  Sealey 
and  Laragh  (6);  aldosterone  was  separated 
by  celite  column  chromatography  and  quan- 
tified by  radioimmunoassay.  The  dogs  were 
fed  a  daily  diet  containing  60-65  mEq  so- 
dium and  were  housed  in  metabolic  cages 
for  the  determination  of  sodium  balance. 

After  measurements  were  made  for  two 
days,  the  converting  enzyme  inhibitor  SO 
14225  (D-2-methyl-3-mercaptopropanoyl-L- 
proline)  was  given  orally  for  8  days  in 
divided  doses  at  8:30  am,  4:30,  and  10:30 
PM.  The  efficacy  of  SQ  14225  in  producing 
blockade  of  angiotensin  I  was  assessed  daily 
before  the  morning  dose  by  determining 
the  pressor  response  to  2  and  4  fig  of  intra- 
arterial injections  of  exogenous  angiotensin 
I;  the  peptide  was  given  intra-arterially 
rather  than  intravenously  because  an  in- 
dwelling arterial  catheter  was  available.  On 
the  second  day  of  SO  14225  administration, 
the  renal  artery  was  constricted  to  reduce 
renal  blood  flow  by  55-60%,  a  stenosis 
sufficient  to  produce  benign  one-kidney 
renal  hypertension  in  dogs  within  24  hr. 
(7).  Administration  of  SO  14225  was  con- 
tinued for  7  days  after  renal  artery  constric- 
tion to  encompass  the  entire  early  high 
renin  phase  of  renal  hypertension  and  meas- 
urements were  continued.  Observations 
were  made  during  a  5-day  recovery  period. 

The  first  two  dogs  studied,  received  10 
mg/kg  of  SO  14225  three  times  daily  for 
the  day  before  and  for  5  days  after  renal 
artery  constriction.  Occasionally,  a  slight 
pressor  response  to  the  4  /xg  dose  of  angi- 
otensin I  was  observed.  Consequently,  the 
10:30  PM  dose  of  SO  14225  was  increased 
from  10  to  15  mg/kg  for  the  remaining  two 
days  of  angiotensin  blockade.  In  the  third 
dog,  15  mg/kg  of  SO  14225  was  given  at 
10:30  PM  throughout  the  study  so  the  total 
dose  was  35  mg/kg/day. 

Dose  response  curves  for  the  depressor 
action  of  bradykinin  triacetate  were  ob- 
tained by  giving  bolus  intravenous  injections 
from  0.1  to  30  fig/kg  to  all  three  dogs 
before  and  to  two  of  the  three  animals  on 


the  sixth  day  of  SO  14225  administra 

Data  from  all  experiments  were  anal 
by  use  of  the  Student's  paired  /  test,  cr 
to  a  5%  level  of  significance. 

Results.  The  completeness  of  angioi 
blockade  was  demonstrated  by  finding 
slight  pressor  responses  to  injections  c 
giotensin  I  during  SO  14225  administra 
Before  the  inhibitor  was  given,  2  fj 
angiotensin  I  increased  arterial  pressu; 
23  ±  2 .0  mm  Hg  while  4  /ig  gave  a  resp 
of  32  ±  2.8  mm  Hg.;  during  SO  1 
administration,  a  response  of  6.5  ± 
mm  Hg  occurred  in  13%  of  the  2  /xg  i 
tions  and  a  response  of  7  ±  1  mn 
occurred  in  50%  of  the  4  /xg  injections 

During  the  first  day  of  angiotensin  b 
ade  and  before  renal  artery  constri 
mean  arterial  pressure  decreased  9  mi 
{P  <  0.05)  but  the  changes  in  PRA 
plasma  aldosterone  concentration  wer 
significant  (Table  I).  During  continue 
giotensin  blockade  and  after  renal  a 
stenosis,  arterial  pressure  continued  i 
significantly  decreased  on  day  1  bu 
creased  slightly  each  day  thereafter 
the  fifth  day  at  which  time  arterial  pre 
was  significantly  elevated  above  the  cc 
level.  Arterial  pressure  was  sustained  a 
hypertensive  level  for  the  remaining  2 
of  SO  14225  administration  and  durin 
recovery  period.  PRA  was  increased  s 
icantly  throughout  the  period  of  com! 
angiotensin  blockade  and  renal  arter} 
nosis  and  during  the  first  recovery 
Plasma  aldosterone  concentration  rem: 
at  the  normal  control  level  throughou 
study.  Sodium  excretion  appeared  tc 
crease  on  the  day  following  renal  a 
constriction  but  the  variability  in  resp 
among  the  three  dogs  was  enough  to 
vent  a  significant  change  from  occurrin 

To  assess  the  possibility  of  a  coincid 
increase  in  the  plasma  bradykinin  level 
ing  SO  14225,  dose  response  curvi 
bolus  injections  of  bradykinin  triac 
were  obtained  before  and  during  dm 
ministration  (Table  II).  A  striking  inc 
in  both  the  magnitude  and  the  length  ( 
depressor  responses  occurred  durin{ 
14225  administration. 

Discussion.  During  the  last  few  j 
substantial   evidence   has   accumulate 
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TABLE  I.  Effects  of  Oral  Administration  of  SQ  14225  before  and  during  the  Acute  Phase  of 
Renovascular  Hypertension  in  the  Dog 


Mean  arterial  pressure 

Plasma  renin  activity  (ng- 

Plasma  aldosterone  level 

Days 

(mmHg) 

Angl/ml/hr) 

(ng%) 

Control    1 

110±5 

Control    2 

106  ±2 

0.7  ±0.2 

r 

Control    3 

103  ±4 

1.7  ±0.9 

5.3  ±0.3 

1 

97  ±  5' 

6.4  ±  2.3 

3.8  ±0.3 

>» 

D  A/^ 

s 

<i 

1 

101  ±  1* 

10.4  ±  3.2* 

3.7  ±0.7 

J? 

2 

103  ±2 

10.9  ±  1.1* 

4.5  ±  0.3 

n  S 

3 

115  ±  8 

7.7  ±  1.1* 

5.8  ±0.7 

4 

115  ±7 

6.5  ±  1.6* 

4.5  ±  1.0 

t^' 

5 

118  ±5' 

4.3  ±  1.0* 

3.5  ±0.4 

?^ 

6 

116  ±  3* 

5.0  ±  0.9* 

3.6  ±0.5 

I 

7 

121  ±3* 

4.9  ±  0.4* 

4.5  ±  0.3 

Recovery 

1 

121  ±  4* 

3.6  ±0.1* 

5.8  ±0 

2 

124  ±  3* 

3.3  ±  0.1 

3.5  ±  0.4 

3 

122  ±  1* 

1.7  ±  0.1 

6.0  ±  1.2 

4 

124  ±  2* 

1.8  ±  0.1 

3.8  ±  0.4 

5 

123  ±6* 

1.8  ±  0.6 

5.6  ±0.4 

•  Denotes  that  value  is  significantly  different  {P  <  0.05)  from  the  average  of  the  last  2  control  values.  The 
values  for  all  three  functions  are  presented  as  means  ±  SEM. 

TABLE  II.  Effects  of  Intravenous  Bradykinin  Administration  Before  and  During  Administration 
OF  35  mg/kg/day  of  so  14225  in  Three  Dogs 


Bradyk 

inin  triacetate 

(/Ag/kg)  as  a 

bolus  injectior 

1 

0.1 

1.0 

3.0 

10.0 

30.0 

1-  Prior  to  so  14225 

administration 

dogl 

A  MAP- 

8 

15 

23 

29 

40 

Duration* 

21 

15 

21 

81 

102 

dog  2 

A  MAP 

9 

25 

30 

38 

40 

Duration 

6 

12 

36 

42 

204 

dog  3 

A  MAP 

9 

19 

27 

35 

- 

Duration 

6 

18 

24 

180 

- 

II.  During  oral  SO 

14225  adminis- 

tration (35  mg/ 

day) 

dogl 

A  MAP 

27 

32 

49 

- 

— 

Duration 

24 

108 

300 

— 

— 

dog  2 

A  MAP 

29 

54 

- 

- 

- 

Duration 

21 

300 

- 

- 

- 

'  Mean  arterial  pressure  (mmHg). 

^  Duration  of  depressor  response  (sec). 


show  increased  activity  of  the  renin-angi- 
otensin system  during  the  acute  phase  of 
both  one  and  two-kidney  hypertension  in 
several  experimental  animals  (8).  PR  A  is 
increased  for  3-6  days  after  renal  artery 
constriction  in  the  unilaterally  nephrecto- 
mized  dog  and  during  this  time  the  animals 
show  a  depressor  response  during  bolus 
injections  or  brief  periods  of  infusion  of 
angiotensin  II  antagonists  and  converting 


enzyme  inhibitors  (8).  This  fall  in  arterial 
pressure  from  the  hypertensive  level  toward 
or  to  normal  indicates  a  pathogenic  role  for 
the  renin-angiotensin  system.  On  the  other 
hand,  angiotensin  blockade  throughout  the 
entire  3-  to  6-day  acute  high  renin  phase  of 
hypertension  failed  to  prevent  the  develop- 
ment of  chronic  one-kidney  renovascular 
hypertension  in  the  dog  (1,2). 

The    present   observations   confirm    the 
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Fig.  1.  Effects  of  angiotensin  blockade  on  the  de- 
velopment of  one-kidney  hypertension  in  dogs.  The 
open  symbols  indicate  the  time  of  drug  administration. 
The  control  group  of  6  dogs  was  treated  identical  to 
the  present  experimental  group  receiving  SQ  14225 
except  that  no  drug  was  given  (7).  The  results  with  SO 
14225  show  the  present  data  on  a  dose  of  35  mg/kg/ 
day  given  orally  to  three  dogs.  The  angiotensin  antag- 
onist, [Sar^  Ala^]  angiotensin  II  (P-113)  (1)  and  the 
converting  enzyme  inhibitor,  SO  20881 ,  (2)  were  given 
intravenously  by  constant  infusion  at  doses  of  1  /ig/kg/ 
min  (six  dogs)  and  10  /Ag/kg/min  (five  dogs)  respec- 
tively. 

findings  reported  earlier  (1,  2)  that  the 
renin-angiotensin  system  need  never  be  ac- 
tivated for  the  development  and  mainte- 
nance of  chronic  renal  hypertension.  In- 
deed, the  blood  pressure  response  to  renal 
artery  constriction  during  SQ  14225  admin- 
istration was  similar  to  that  reported  (1) 
with  [Sar\  Ala®]  angiotensin  II  (Fig.  1) 
except  that  the  pressor  response  to  renal 
artery  constriction  during  SQ  14225  was 
slightly  slower  and  somewhat  less  than  with 
[Sar\  Ala*]  angiotensin  II;  with  both  drugs, 
however,  arterial  pressure  was  not  signifi- 
cantly elevated  until  the  5th  day  after  renal 
artery  stenosis.  At  this  time  and,  thereafter, 
a  chronic  hypertensive  state  was  present. 
The  arterial  pressure  response  during  SQ 
20881  infusion  and  after  renal  artery  con- 
striction (2)  was  less  than  that  observed 
with  [Sar*,  Ala*]  angiotensin  II  and  with 
SQ  14225;  not  until  the  last  day  of  SQ 
20881  infusion  was  arterial  pressure  in- 
creased but  an  abrupt  further  increase  in 
pressure  occurred  on  the  day  following  dis- 
continuation of  the  drug  and  this  was  sus- 
tained. This  slower  and  smaller  response  to 
renal  artery  stenosis  during  SQ  20881  and 
SQ  14225  compared  with  [Sar^  Ala*]  angi- 
otensin II  might  possibly  be  related  to  an 


increase  in  the  plasma  bradykinin  level  and 
the  associated  depressor  activity  with  the 
SQ  compounds.  A  significant  fall  in  arterial 
pressure  of  9  mm  Hg  occurred  after  24  hr 
of  SQ  14225  administration  before  the  renal 
artery  was  constricted.  Also,  dose  response 
curves  to  bolus  injections  of  bradykinin  re- 
vealed a  much  greater  and  more  prolonged 
fall  in  blood  pressure  during  SQ  14225 
administration  than  occurred  during  the 
control  observations.  The  smaller  response 
to  renal  artery  stenosis  during  SQ  20881 
compared  with  SQ  14225  probably  reflects 
more  complete  blockade  of  converting  en- 
zyme during  the  continuous  infusion  of  SQ 
20881;  in  the  present  dogs  receiving  SQ 
14225,  arterial  pressure  was  measured  be- 
fore the  8:30  am  dose  and  this  was  10  hr 
after  the  previous  10:30  pm  dose  of  the 
drug.  Consequently,  a  higher  drug  level 
might  have  been  present  during  the  SO 
20881  than  SQ  14225  at  the  time  of  the 
arterial  pressure  measurements  and  resulted 
in  a  lower  level  of  arterial  pressure. 

The  responses  in  PRA  were  very  similar 
with  SQ  20881  and  SQ  14225.  No  increase 
in  plasma  aldosterone  concentration  oc- 
curred during  SQ  14225  administration  and 
renal  artery  stenosis,  a  finding  which  dem- 
onstrates a  marked  degree  of  angiotensin 
blockade.  It  should  be  emphasized  that  SQ 
14225  is  a  competitive  antagonist  of  the 
converting  enzyme  so  that  blockade  was 
never  fully  complete.  Also,  from  data  on 
the  reduction  or  abolition  of  the  pressor 
responses  to  bolus  injections  of  angiotensin 
I,  it  is  not  possible  to  state  the  completeness 
of  angiotensin  blockade.  For  example,  the 
degree  of  blockade  necessary  to  block  com- 
pletely a  pressor  response  to  2  /xg  of  angi- 
otensin I  might  be  more  than  adequate  to 
achieve  95-98%  blockade  of  the  action  of 
the  endogenous  angiotensin  II. 

Thus,  the  use  of  SQ  14225  to  achieve 
angiotensin  blockade  provides  strong  sup- 
port for  the  concept  that  the  renin-angi- 
otensin system  need  never  be  activated  for 
chronic  one-kidney  renovascular  hyperten- 
sion to  develop  and  to  be  sustained.  Fur- 
thermore, the  present  study  minimizes  the 
importance  of  the  renin-angiotensin  system 
in  the  pathogenesis  of  one-kidney  hyperten- 
sion. These  findings  point  out  the  need  to 
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search  for  another  renal  pressor  mechanism 
or  a  neurogenic  mechanism  during  the  de- 
velopment of  renovascular  hypertension.  A 
promising  approach  is  the  recognition  of  a 
new  hypertensive  substance  called  renopres- 
sin  which  has  been  described  by  Skeggs  and 
associates  (9). 

Summary,  Angiotensin  blockade  was  pro- 
duced one  day  before  and  for  7  days  after 
renal  artery  stenosis  in  three  unilaterally 
nephrectomized  dogs  by  administration  of 
SQ  14225.  The  completeness  of  angiotensin 
blockade  was  demonstrated  by  reduced  or 
absent  pressor  responses  to  exogenous  an- 
giotensin I  and  by  a  normal  plasma  aldoster- 
one level  after  renal  artery  stenosis.  A  de- 
pressor response  (9  mm  Hg)  during  the  day 
before  renal  artery  constriction  and  mark- 
edly exaggerated  depressor  responses  to  ex- 
ogenous bolus  injections  of  bradykinin  after 
several  days  of  SQ  14225  administration 
might  reflect  an  increased  plasma  level  of 
bradykinin  but  additional  studies  are 
needed  on  this  idea.  The  arterial  pressure 
response  to  renal  artery  constriction  was 
markedly  diminished  during  SQ  14225  and 
arterial  pressure  was  not  significantly  ele- 
vated until  the  fifth  day.  PR  A  was  elevated 
throughout  the  period  of  SQ  14225  admin- 
istration and  renal  artery  constriction. 
These  findings  confirm  the  earlier  observa- 
tions   that    the    renin-angiotensin    system 


need  never  be  activated  for  the  develop- 
ment and  maintenance  of  chronic  one- 
kidney  renovascular  hypertension. 

The  authors  wish  to  thank  Dr.  Z.  P.  Horovitz  for 
the  generous  supply  of  SQ  14225  used  in  these  studies. 
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Data  from  optical  and  ultrastructural 
studies  have  offered  considerable  insight 
into  the  location  of  contacts  between  hemo- 
globin molecules,  and  additional  informa- 
tion concerning  these  intermolecular  bonds 
has  come  from  studies  of  factors  which 
promote  or  inhibit  gelation  of  Hb  S.  Of 
particular  interest  are  the  results  of  studies 
of  the  effects  of  specific  amino  acid  substi- 
tutions at  the  intermolecular  surface. 

Several  hemoglobin  variants,  such  as  the 
j3  chain  variants  Deer-Lodge  (2  His  -* 
Arg),  C  (6  Glu  ^  Lys),  C-Harlem  (6  Glu 
-^  Val,  73  Asp  -^  Asn),  G-Makassar  (6 
Glu  -^  Ala),  Leiden  (6  or  7  Glu  -^  O),  J- 
Baltimore  (16  Gly  -^  Asp),  N-Baltimore 
(95  Lys  -^  Glu),  O-Arab  (121  Glu  -^  Lys), 
D-Los  Angeles  (121  Glu  -^  Gin),  and  the  a 
chain  variants  I-Philadelphia  (16  Lys  -^ 
Glu)  and  Memphis  (23  Glu  -^  Gin)  have 
been  studied  with  regard  to  their  influence 
on  the  gelation  and  solubility  of  deoxy  Hb 
S  (1-9).  The  data  have  shown  that  variants 
influencing  the  gelation  or  the  solubility  of 
deoxy  Hb  S  or  both  have  a  substitution  of 
one  of  the  following  residues:  Asp  73j3, 
Glu  121j3,  Lys  16a,  and  Glu  23a  (4,  10- 
12).  The  substitution  of  a  specific  amino 
acid  residue  can  weaken  the  interaction 
between  the  molecules  (e.g.  the  Asp  -^ 
Asn  substitution  at  73j3)  or  strengthen  the 
intermolecular  contact  (e.g.  the  Glu  -^  Lys 
substitution  at  position  121)3). 

Recently  we  were  able  to  study  the  effect 
of  additional  variants  together  with  some 
variants  already  investigated,  both  in  the 
deoxy-  and  oxyconformation;  these  include 
the  three  substitutions  at  position  121j3, 
namely  O-Arab  (121  Glu  -^  Lys),  D-Los 
Angeles  (121  Glu  -^  Gin),  Beograd  (121 
Glu  -^  Val),  and  also  E  (^326  Glu  ^  Lys), 
N-Baltimore  (j395  Lys  -^  Glu),  I-Philadel- 
phia  (a  16  Lys  -^  Glu)  and  G-Georgia  (a95 
Pro  ^  Leu).  Hb  C  (^36  Glu  -^  Lys)  and  Hb 
A  were  used  as  control. 


Materials  and  Methods,  Hemoly sates 
were  made  from  saline  washed  red  cells. 
The  hemoglobins  O-Arab  and  C  were  ob- 
tained from  patients  homozygous  for  this 
variant,  Hb  Beograd  from  the  patient  with 
Hb  Beograd  /8^-thalassemia  (13)  (with 
about  90%  of  the  variant),  and  Hb  N-Balti- 
more from  a  patient  with  a  Hb  N-/3"*^-thalas- 
semia  (with  80%  Hb  N);  red  cell  hemoly- 
sates  were  used  without  further  treatment. 
The  hemoglobins  D-Los  Angeles,  E,  G- 
Georgia  and  I-Philadelphia  were  isolated 
from  red  cell  hemolysates  of  heterozygotes 
by  DEAE-cellulose  or  by  DEAE-Sephadex 
chromatography  (14,  15).  Red  cell  hemoly- 
sates from  patients  with  sickle  cell  anemia 
were  used  as  a  source  of  Hb  S;  the  level  of 
Hb  F  (Fad)  in  these  samples  was  4%  or 
less. 

Cyanferri  hemoglobins  were  prepared 
with  threefold  excess  of  K3Fe(CN)6  and 
fourfold  excess  of  KCN  in  0.1  Af  phosphate 
buffer  of  pH  6.8;  Sephadex  G-25  chroma- 
tography was  used  to  remove  excess  ferri- 
cyanide  and  KCN.  The  concentration  of  Hb 
was  calculated  from  the  millimolar  extinc- 
tion coefficient  and  absorbance  at  540  nm 
after  the  sample  was  converted  into  cyanfer- 
rihemoglobin  (16).  Solutions  of  hemoglobin 
(either  oxy-  or  cyanferri-)  were  concen- 
trated by  vacuum  dialysis  against  distilled 
water  using  specific  dialysis  membranes 
(collodion  bags  #100  for  protein  concentra- 
tion, capacity  8  ml,  MW  25000,  Schleicher 
and  Schull,  Inc.,  Lot  #221/423);  their  visi- 
ble spectra  were  verified  using  a  Perkin 
Elmer  double  beam  spectrophotometer 
(Coleman  model  124  D).  Minimum  gelling 
concentration  determinations  were  carried 
out  at  25°  on  mixtures  of  deoxy  Hb  S  and 
either  the  deoxy-  or  the  cyanferri-derivative 
of  other  variants  using  the  method  of  Singer 
and  Singer  (1)  as  modified  by  Bookchine/ 
al.  (5). 

Results.  The  data,  presented  in  Fig.  1, 
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J.  1.  The  effect  of  increasing  amounts  of  various  /3  chain  and  a  chain  variants  on  the  minimum  gelling 
ntration  (MGC)  of  deoxy  Hb  S.  Left  panel:  oxy  derivatives  of  the  hemoglobins  N-Baltimore,  I-Philadelphia, 
,  C,  D-Los  Angeles,  B  (-Hb  Beograd)  and  O-Arab  mixed  with  oxy  Hb  S  prior  to  deoxygenation;  right 
:  the  cyanferri-derivatives  of  the  same  derivatives  and  of  G-Georgia  mixed  with  oxy  Hb  S  prior  to 
^genation.  Temperature  25°.  The  standard  deviation  for  a  mean  gelling  concentration  of  24.40  was  1.38 
an  error  of  the  mean  0.61.  (n  =  5). 


irm  and  extend  the  data  obtained  by 
rs  (1-3).  The  strongest  positive  effect 
observed  for  Hb  O-Arab,  followed  by 
Beograd,  Hb  D-Los  Angeles,  and  Hb 
Tie  effect  of  Hb  E  was  much  less  pro- 
iced  and  Hb  I-Philadelphia  and  Hb  G- 
rgia  affected  the  gelation  of  deoxy  Hb 
a  similar  extent  as  Hb  A.  The  effect  of 
[  of  the  variants  was  the  same  whether 
le  deoxy  or  oxy  conformation,  with  the 
ption  of  Hb  N-Baltimore.  In  the  deoxy 
;,  this  variant  exhibited  a  strongly  nega- 
effect  on  the  gelation  of  deoxy  Hb  S 
behaved  like  Hb  A  in  the  oxy  (cyanfer- 
»tate. 

iscussion.  Five  of  the  eight  variants 
ied  have  a  Lys  -^  Glu  (N,  I)  or  a  Glu 
,ys  (C,  E,  O-Arab)  substitution.  Substi- 
m  of  Lys  at  95  j3  by  Glu  greatly  de- 
ses  intermolecular  interaction,  but  a 
lar  substitution  at  16a  has  no  effect.  In 
fast,  a  Glu  — >  Lys  substitution  appears 
ncrease  intermolecular  interaction  but 
effect  is  again  greatly  dependent  upon 
location  of  the  substitution.  It  has  been 
med  that  Glu  121)3  forms  a  hydrogen 
1  with  Lys  17j3  of  the  same  chain;  the 
r  residue  forms  an  intermolecular  hy- 
;en  bond  with  carbonyl  oxygen  of  His 
82  of  the  neighboring  molecule  in  the 
5  strand  (17).  Thus,  substitution  of  Glu 
8  by  either  Val  or  Gin  or  Lys  would 
ken  the  bond  between  this  residue  in 
tion  121  and  Lys  17j3,  and  would  make 


Lys  17j3  more  accessible  for  the  formation 
of  intermolecular  hydrogen  bonds  (17).  The 
difference  in  effect  between  Hb  O-Arab, 
Hb  Beograd  or  Hb  D-Los  Angeles  on  the 
gelation  of  deoxy  Hb  S  may  be  explained 
by  the  formation  of  an  additional  intermo- 
lecular hydrogen  bond  when  a  lysyl  residue 
is  introduced  in  position  121j3.  Similarly, 
substitution  of  a  lysyl  residue  in  position 
95j3  by  a  glutamyl  residue  may  result  in  the 
loss  of  a  bond  that  participates  in  intermo- 
lecular interaction  of  deoxy  hemoglobin 
molecule  thereby  decreasing  the  gelling  in- 
teraction. Such  an  effect  is  not  apparent  for 
lysyl  residue  in  position  16a. 

These  results  support  X-ray  data  (17)  and 
extend  the  correlation  observed  (2)  between 
the  clinical  severity  of  a  number  of  sickling 
variants  and  the  effect  of  the  variants  on 
the  gelation  of  Hb  S  in  mixtures. 

Summary,  Seven  abnormal  hemoglobins 
were  investigated  for  an  effect  on  the  gela- 
tion of  Hb  S  in  the  deoxy-  or  oxy-confor- 
mation.  A  positive  effect  (decreased  MGC) 
was  associated  with  substitution  of  Glu  j36, 
Glu  j326  and  Glu  j3121.  No  difference  was 
observed  between  the  deoxy-  or  oxy-hemo- 
globins  except  in  the  case  of  Hb  N-Balti- 
more which,  in  the  deoxy  state,  exhibits  a 
strongly  negative  effect  on  gelation  but  be- 
haves like  Hb  A  in  the  oxy  state. 

This  research  was  in  part  supported  by  U.  S.  Public 
Health  Research  Grants  HLB-15158  and  HLB-05168. 


252 


HEMOGLOBIN    VARIANTS    AND    HEMOGLOBIN    S 


1.  Singer,  K.,  and  Singer.  L..  Blood  88,  1008 
(1953). 

2.  Charache,  S.,  and  Conley,  C.  L..  Blood  24,  25 
(1964). 

3.  Milner,  P.  F.,  Miller,  C.  Grey,  R.,  Seakins,  M., 
De  Jong,  W.  W.  W.,  and  Went,  L.  M..  N.  Eng. 
J.  Med.  253,  1417(1970). 

4.  Bookchin,  R.  M.,  Nagel,  R.  L..  and  Ranney.  H. 
M.,  Biochim.  Biophys.  Acta  221,  373  (1970). 

5.  Bookchin,  R.  M.,  Nagel,  R.  L.  and  Ranney,  H. 
M.,  J.  Biol.  Chem.  242,  248  (1967). 

6.  Nagel,  R.  L.,  Rieder,  R.  E.,  Bookchin.  R.  M., 
and  James,  G.  W.,  Biochem.  Biophys.  Res.  Com- 
mun.  53,  1240(1973). 

7.  Bookchin,  R.  M.,  Nagel,  R.  L.,  Ranney.  H.  M., 
and  Jacobs.  A.  S..  Biochem.  Biophys.  Res.  Com- 
mon. 23B,  122(1966). 

8.  Bookchin,  R.  M..  Nagel.  R.  L..  Balazs,  F.,  and 
Harris,  J.  W.,  Clin.  Res.  22,  384  A  (1974). 

9.  Kraus,  L.  M.,  Miyaji,  T.,  Luchi.  I.,  and  Kraus. 
A.  P.,  Biochemistry  5,  3701  (1966). 

10.  Ranney,  H.  M..  Biochemie  54,  633  (1972). 

11.  Benesch.   R.   E.,   Yung.  S..  Benesch,  R..  and 


Schneider,    R.   G..   Nature    (London)   26,  219 
(1976). 

12.  Finch,  J.  T..  Perutz.  M.  F..  Bertles,  J.  F.,  and 
Dobler.  J.,  Proc.  Nat.  Acad.  Sci..  U.S.A.  70, 718 
(1973). 

13.  Ruvidic,  R..  Efremov,  G.  D..  Juricic.  D.,  Rolivic, 
Z..  Ruzdic.  I.,  and  Pendie,  S.,  Acta  Hematol.  54, 
180(1975). 

14.  Dozy,  A.  M.,  Kleihauer.  E.  F..  and  Huisman.T. 
H.  J.,  Chromatography.  32,  723  (1968). 

15.  Abraham,  E.  C,  Reese.  A.,  Stallings.  M..  and 
Huisman,  T.  H.  J.  Hemoglobin  1(1),  27  (1977). 

16.  International  committee  for  standardization  in 
Hematology.  Recommendation  and  requirements 
for  hemoglobinometry  in  human  -blood.  Nature 
(London)  206,  491  (1960). 

17.  Wishner,  B.  C.  Harrison.  J.  C  Ringle.  W.  M.. 
Love.  W.  E.,  and  Jenkins.  T.  C  Crystal  sirurturc 
of  sickle  cell  deoxyhemoglobin  (Dallas  Sympo- 
sium, December  10.  1975). 

Received  September  19, 1977.  P.S.E.B.M.  1978.  Vol. 
157. 


OF  THE  SOOEry    POI    BXTEUMENTAL   UOLOGY   AND   MEDICINE    157,  253-255  (1978) 


lolera  Toxin  Inhibits  Antiviral  and  Growth  Inhibitory  Activities  of  Human 

Interferon  (40032) 
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It  Studies  indicate  that  binding  of 
3n  to  ganglioside  or  ganglioside-like 
haride  surface  receptors  is  a  neces- 
t  step  for  the  establishment  of  anti- 
tivity  (1-3).  Cholera  toxin  and  the 
jteih  Tiormones  thyreotropin  (TSH) 
nan  chorionic  gonadotropin  (hCG) 
gangliosides  with  similar  but  slightly 
t  carbohydrate  specificity.  The  mon- 
nglioside  Gmi  seems  to  be  one  spe- 
eptor  for  cholera  toxin.  The  ganglio- 
ds  cholera  toxin  and  blocks  its  action 
h  cholera  toxin  and  the  glycoprotein 
es  inhibit  the  induction  of  antiviral 
interferon,  supporting  the  notion  of 
1  binding  sites  on  the  cell  membrane 

es  its  classical  antiviral  effect  inter- 
are  known  to  influence  numerous 

functions,  fe.  cell  growth,  phago- 
tivity,  antigen  expression,  etc.  com- 
lescribed  as  nonantiviral  activities. 
1  growth  inhibitory  activity  is  proba- 

most  important  and  certainly  the 
oroughly  studied  of  these  activities. 
J  reasonable  to  believe  that  reaction 
'face  membrane  receptors  might  be 
lon  step  in  development  of  the  var- 
ects  of  interferons.  We,  therefore, 
id  whether  cholera  toxin  could  in- 
i  growth  inhibitory  activity  of  inter- 
id  correlated  it  to  the  inhibition  of 
I  activity.  The  present  communica- 
)ws  that  the  two  different  activities 
ibited  by  the  addition  of  cholera 

a  comparable  extent.  Since  most  of 
ier  studies  were  performed  on  mu- 
lls with  murine  interferon  we  ex- 
the  phenomenon  to  include  human 
1  human  interferon. 
iak  and  methods.  Cells.  The  human 

U-cell  line  was  originally  obtained 
r  K.  Can  tell,  Helsinki.  The  U  cells 
•own  in  Eagle's  Minimal  essential 
I  (MEM)  with  addition  of  10%  calf 
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serum,  and  maintained  in  MEM  with  5  or 
2%  calf  serum. 

Reagents.  Cholera  enterotoxin  was  pur- 
chased from  Schwarz-Mann.  A  10"*  M 
stock  solution  was  prepared  in  Tris  buffer 
and  kept  at  -20°.  Further  dilutions  were 
prepared  in  MEM  immediately  before  use. 

Interferon.  Partially  purified  human  leu- 
kocyte interferon  was  a  gift  from  Dr  K. 
Cantell,  Helsinki.  It  was  assayed  by  an 
infectivity  inhibition  microtest  (6)  employ- 
ing U  cells  and  Vesicular  stomatitis  virus 
(VSV).  The  titers  are  expressed  in  interna- 
tional standard  reference  units  (69/19). 

Antiviral  activity  was  also  assayed  by  the 
effect  on  virus  yield.  One  day  old  U  cells, 
about  10*  cells  per  tube  were  treated  with 
interferon  and  with  cholera  toxin  as  de- 
scribed in  the  results  section.  After  incuba- 
tion overnight  the  cells  were  washed  and 
infected  with  10^  TCID  of  VSV.  After  18 
hr  incubation  the  cultures  were  frozen  and 
thawed  and  assayed  for  infectious  virus 
yields  in  U  cells.  Cytopathic  effect  (CPE) 
was  read  after  72  hr  incubation.  The  titers 
are  given  as  the  highest  dilution  showing 
CPE  in  half  of  the  tubes  determined  by  the 
method  of  Reed  and  Muench. 

Assay  of  cell  growth  inhibitory  activity. 
Culture  tubes  were  seeded  with  10*  U  cells 
in  1  ml  of  MEM  with  2%  calf  serum, 
containing  cholera  toxin  and  interferon  as 
indicated  in  the  results  section.  The  cultures 
were  incubated  at  37°  in  5%  CO2  atmos- 
phere. After  72  hr  the  monolayers  were 
treated  with  trypsin-versene  and  the  cells 
were  counted  in  a  hemocytometer.  Each 
value  given  in  the  results  represents  the 
mean  of  at  least  five  parallel  cultures. 

Results.  The  data  in  Fig.  1  show  that 
interferon  dose-dependently  reduced  the 
yield  of  VSV  produced  in  U  cells.  When 
10"®  or  10"^  M  cholera  toxin  was  added  to 
the  cells  together  with  interferon  the  anti- 
viral activity  was  reduced.  With  50  units  of 
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interferon  there  was  a  significant  reduction 
of  interferon  effect  with  both  10~^  and  10~^ 
M  toxin.  Addition  of  10"^  M  cholera  toxin 
also  reduced  the  antiviral  titer  of  an  inter- 
feron preparation  tested  in  an  infectivity 
inhibition  microtest  (Table  I).  This  effect 
was  more  pronounced  if  the  cells  were  pre- 
treated  with  the  toxin  for  2  hr  prior  to 
addition  of  interferon.  If  toxin  was  added  2 
hr  after  interferon  no  effect  was  observed. 
The  number  of  cultured  U  cells  increased 


IF  ♦  10    M   C  TOXIN 
5flF  ♦  10"^M 


10  50    INTERFERON  (U/m») 

Fig.  1.  Effect  of  cholera  toxin  on  the  antiviral 
activity  of  interferon.  One  day  old  U-cells,  about  10* 
cells  per  tube,  were  treated  with  10  or  50  units/ml  of 
human  leukocyte  interferon  with  or  without  presence 
of  10"^  or  10~*  M  cholera  toxin  or  cholera  toxin  alone. 
The  toxin  was  added  together  with  interferon.  After 
incubation  overnight  the  cells  were  infected  with  10^ 
TCID  of  VSV.  After  18  hr  incubation  the  cultures 
were  frozen  and  thawed  and  assayed  for  infectious 
virus  yields. 


TABLE 


.  Effect  of  Cholera  Toxin  on 
Interferon  TrrER." 


1 0"^  M  Cholera  toxin 


Interferon  titer 
(log.o  units) 


Added  together  with  interferon 
Added  2  hr  before  interferon 
Added  2  hr  after  interferon 


2.85 
2.45 
1.65 
2.85 


°  A  sample  of  human  leukocyte  interferon  was 
assayed  by  an  infectivity  inhibition  microtest.  Cholera 
toxin  was  added  to  the  cells  2  hr  before,  at  the  same 
time  or  2  hr  after  interferon  and  incubated  overnight. 
The  cells  were  then  washed  and  infected  with  VSV. 
All  cultures  were  examined  for  development  of  CPE 
after  3  days  incubation. 


from  1  X  1(P  to  2.8-5.1  x  l(p  after  3  days 
incubation.  Growth  of  U  cells  was  dose- 
dependently  inhibited  by  interferon  (Fig.  2 
and  Table  II).  Addition  of  10"^  M  toxi^n 
greatly  reduced  this  effect.  Higher  concen- 
trations than  10"^  M  of  the  toxin  were 
slightly  inhibitory  itself,  but  10"®  M  alone 
had  no  effect  on  the  cell  growth.  The  effect 
of  cholera  toxin  on  the  interferon-produced 
growth  inhibition  was  more  pronounced  if 
the  cells  were  pretreated  prior  to  addition 
of  interferon,  and  less  if  added  after  the 
interferon  (Table  II). 

Discussion.  Cholera  enterotoxin  reduced 
two  different  activities  of  human  interferon: 
induction  of  antiviral  state  and  the  cell 
growth  inhibitory  activity.  The  suggested 
mechanism  of  cholera  toxin  effect  is  an 
interaction  with  membrane  surface  recefh 
tors  (1).  Cholera  toxin  reacts  with  ganglio- 
sides,  especially  G^,  (4)  and  either  directly 
or  indirectly  interiferes  with  or  blocks  the 
interferon  interaction  with  these  structures 
(1).  Alternative  mechanism  may  be  simply 
an  alteration  of  the  cell  surface  making  the 
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Fig.  2.  Effect  of  cholera  toxin  on  the  cell  growth 
inhibitory  activity  of  interferon.  U  cells  were  seeded  in 
Eagles  MEM,  about  10*  cells  per  tube.  Parallel  tubes 
were  added  10  or  50  units/ml  of  human  leukocyte 
interferon,  10~*  M  cholera  toxin  or  interferon  and 
toxin  at  the  same  time.  After  3  days  incubation  the 
monolayers  were  trypsinized  and  the  cells  counted. 
The  columns  represent  the  mean  of  five  tubes. 
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TABLE  II.  Effect  of  Interferon  and  Cholera 
Toxin  on  Growth  of  U  Cells." 


Reduction  of 

cell  growth 

Treatment  of  cells 

(%  of  control) 

Interferon,  100  units 

55.6  ±  8.6* 

Interferon,    100    units    + 

C. 

76.0  ±  6.8*  * 

toxin,  10-*  A#,  same  time 

Interferon,    100    units    -»- 

C. 

59.0  ±  4.5**  '• 

toxin,  10-*A#,2hrlater 

C.  toxin,  10-»  A#  +  Interferon, 

77.0  ±  3.6**  "  * 

100  units,  2  hr  later 

Interferon,  500  units 

40.6  ±  4.0** 

Interferon,    500    units    -»- 

C. 

86.6  ±  7.6**  - 

toxin,  10-*  Af ,  same  time 

C.  toxin,  10-«A# 

96 

C.  toxin,  10-«A# 

98 

•  U  cells  were  seeded  in  medium  containing  inter- 
feron, C.  toxin  or  both.  After  3  days  incubation  the 
monolayers  were  trypsinized  and  the  cells  counted. 

*  /*  <  0.01  compared  with  100  units  interferon,  by 
/  test. 

*•  /*  <  0.01  compared  with  100  units  interferon  -h 
C.  toxin  same  time. 

^  P  <  0.02  compared  with  100  units  interferon  -»- 
C.  toxin  2  hr  later. 

'  P  <  0.01  compared  with  500  units  interferon. 
•  Mean  of  five  experiments  ±  SD. 

••  Mean  of  three  experiments  ±  SD. 

membrane  less  receptible  for  interferon. 

One  has  to  consider  the  possible  role  of 
cyclic  nucleotides.  It  has  been  suggested 
that  cyclic  AMP  acts  as  a  second  messenger 
to  substances  which  interact  with  the  cell 
surface  from  without,  fe.  insulin  and  other 
hormones.  Also  interferon  acts  on  the  cell 
surface  possibly  without  entering  the  cell 
(7-9),  and  it  influences  intracellular  cAMP 
levels  (10).  Cholera  toxin  increases  the  ac- 
cumulation of  cAMP  intracellularly  (11). 
However,  cAMP  seems  to  have  an  enhanc- 
ing effect  on  antiviral  activity  (12,  13)  and 
usually  an  inhibiting  effect  on  cell  growth 
(14),  the  opposite  of  the  observed  effect  of 
cholera  toxin.  It  is  therefore  not  very  likely 
that  the  observed  effect  of  cholera  toxin  is 
mediated  by  cAMP. 

The  effects  on  antiviral  state  and  on  cell 
growth  were  obtained  by  the  same  concen- 
trations of  the  cholera  toxin,  and  they  had 
comparable  kinetics  suggesting  that  the  step 
inhibited  by  cholera  toxin  is  the  same  or 
related  for  the  two  different  activities.  Fur- 


thermore that  cholera  toxin  blocks  an  early 
phase  of  the  interferon  action  expressed 
both  as  antiviral  activity  and  cell  growth 
inhibitory  activity.  Finally  the  present  find- 
ings, obtained  with  human  cells  and  human 
interferon  show  that  the  effect  of  cholera 
toxin  is  not  restricted  to  the  murine  system. 
Summary.  Cholera  enterotoxin  reduced 
the  antiviral  activity  and  the  cell  growth 
inhibitory  activity  of  human  leukocyte  inter- 
feron. Both  effects  were  more  pronounced 
if  the  cells  were  treated  with  toxin  before 
interferon  and  less  if  toxin  was  added  after 
interferon. 

The  excellent  technical  assistance  of  Mrs  Solveig 
Beck  and  Mrs  Zdenka  Krajcova  is  gratefully  acknowl- 
edged. 
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In  a  review  article,  Hoi  ton  (1)  states  that 
both  alpha  and  beta  agonists  in  doses  of  the 
order  of  1  meg  kg"*  min"*  inhibit  acid 
secretion  in  conscious  animals,  that  hista- 
mine-stimulated  secretion  is  less  easily  de- 
pressed than  other  means  such  as  pentagas- 
trin  stimulation,  and  that  beta  agonists  in 
doses  of  the  order  of  0.1-0.5  meg  kg~* 
min~*  increase  histamine-stimulated  secre- 
tion. However,  much  of  the  influence  of 
adrenergic  amines,  in  vivo,  had  been  attrib- 
uted to  effects  on  mucosal  blood  flow  (2). 
The  isolated  frog  gastric  mucosa  enables 
the  effects  of  catecholamines  to  be  studied 
in  the  absence  of  a  blood  supply.  Thorpe  et 
al.  (3)  had,  in  fact,  investigated  the  effects 
of  catecholamines  on  the  H"*^  secretory  rate 
of  the  isolated  bullfrog  gastric  mucosa.  They 
found  that  epinephrine  and  norepinephrine 
in  concentrations  as  high  as  5  mAf  produced 
statistically  insignificant  decreases  in  hista- 
mine-stimulated H"*^  secretion.  Recently 
Rose  et  al,  (4)  found  that  norepinephrine, 
when  added  to  the  nutrient  solution  of  iso- 
lated gastric  mucosae  of  Rana  pipiens,  pro- 
duced a  significant  decrease  of  about  20% 
to  about  100%  respectively  for  concentra- 
tions increasing  from  0.1  to  about  2.3  mA/. 
In  the  case  of  5  mA/  isoproterenol,  a  beta 
agonist,  Thorpe  et  al  found  that  the  H"*" 
secretory  rate  was  significantly  decreased 
by  55%  and  60%  respectively  for  histamine 
and  acetylcholine-stimulated  H"^  secretion. 
This  inhibition  of  isoproterenol  was  blocked 
by  propranolol,  a  beta  antagonist.  The  au- 
thors suggested  on  the  basis  of  their  data 
that  isoproterenol  inhibited  acid  secretion 
by  direct  activation  of  mucosal  beta-adre- 
nergic receptors.  Recent  work  in  our  labo- 
ratory (5)  lends  support  to  their  experimen- 
tal findings  on  beta  adrenergic  amines. 

In  the  study  of  Thorpe  et  al.  (3),  however, 
only  the  H"*^  secretory  rate  was  measured. 
The  present  investigation  considers  the  in- 
hibitory effects  of  isoproterenol  (Isuprel),  a 


beta  agonist;  epinephrine  (Adrenalin)  a  pre- 
dominantly beta  agonist;  and  propranolol 
(Inderal),  a  beta  antagonist  on  the  trans- 
mucosal  resistance,  the  transmucosal  poten- 
tial difference  (PD)  and  the  H"^  secretory 
rate  of  the  gastric  mucosa  of  Rana  pipiens 
in  Cr  media.  In  addition,  blocking  effects 
between  propranolol  and  isoproterenol  and 
between  propranolol  and  epinephrine  are 
reported. 

Methods.  The  experiments  were  per- 
formed on  gastric  mucosae  of  Rana  pipiens 
with  an  in  vitro  method  described  in  detail 
elsewhere  (6).  Two  pairs  of  electrodes  were 
used,  one  for  sending  current  across  the 
mucosa  and  the  other  for  measuring  the 
PD.  The  resistance  was  obtained  as  the 
change  in  PD  per  unit  of  applied  current. 
The  H"^  secretory  rate  was  determined  by 
the  pH  Stat  method  introduced  by  Durbin 
and  Heinz  (7).  The  pH  of  the  secretory 
side  was  maintained  at  4.90.  The  nutrient 
bathing  solution  contained  (in  mM):  Na^, 
102;  K-^,  4;  Ca^-^,  1;  Mg^-^,  0.8;  CI",  81; 
HCO3",  25;  phosphate,  1.0;  and  glucose, 
10;  and  the  secretory  bathing  solution  con- 
tained: Na^,  102;  K+,  4;  CI",  106.  Both 
sides  of  the  mucosa  were  gassed  with  95% 
O2  and  5%  CO2.  Histamine  was  added  to 
the  nutrient  solution  to  a  concentration  of 
10""*  Af ,  thereby  providing  maximal  stimu- 
lation of  the  gastric  mucosa.  After  the  con- 
trol part  of  the  experiment,  the  beta  adre- 
nergic amine  was  added  to  the  nutrient 
solution  in  concentrations  varying  from  0.1 
mAf  up  to  as  much  as  4.7  mA/.  Combina- 
tions of  these  amines  were  also  investigated. 
For  each  experiment  a  different  frog  was 
used. 

Results.  Electrophysiological  effects  of 
varying  concentrations  of  beta  adrenergic 
amines.  Figure  1  depicts  the  results  of  a 
typical  experiment  in  which  the  nutrient 
solution  contained  isoproterenol  at  a  con- 
centration of  0.25  mA/.  In  30  min  after  the 


256 


'O37-9727/78/1572-0256$0l  .00/0 

^ngbt  c  1978  by  the  Society  for  Experimental  Biology  and  Medicine 

*Voii  reserved. 


BETA   AMINES   ON   GASTRIC   MUCOSA 


257 


!•—  lMprot«rtnel  - 
GLZSmM  OmM 


V 


0  10  20  90  40         MIN.        60 

Fig.  1.  Effects  of  isoproterenol  on  the  resistance. 
PD  and  H"^  secretory  rate  of  frog  gastric  mucosa  in 
chloride  solutions.  At  the  time  indicated  by  the  first 
arrow,  isoproterenol  was  added  to  a  concentration  of 
0.25  mA#  in  the  nutrient  solution  and  at  the  time 
indicated  by  the  second  arrow,  the  isoproterenol  was 
removed.  Resistance,  PD  and  H^  secretory  rate  are 
plotted  versus  time. 


addition  of  isoproterenol,  the  resistance  in- 
creased about  100%  above  control  values 
while  the  H"^  secretory  rate  decreased  about 
80%.  The  PD  at  first  increased  to  a  maxi- 
mum value  but  at  the  end  of  30  min  re- 
turned essentially  to  the  control  level. 
Washing  both  sides  of  the  mucosa  with 
regular  solutions  produced  a  partial  recov- 
ery of  the  resistance  and  H"*^  secretory  rate 
towards  control  levels. 

Table  I  summarizes  the  results  of  the 
effects  induced  by  each  of  the  three  adrener- 
gic amines  about  30  min  after  the  addition 
of  a  specified  concentration  of  the  amine  to 
the  nutrient  solution,  compared  to  control 
values.  Except  for  0.1  mA/  isoproterenol 
and  0.1  mA/  propranolol,  all  concentrations 
of  each  amine  gave  signiflcant  increases  in 
resistance.  Without  exception,  each  amine 
showed  significant  decreases  in  the  H"*"  se- 
cretory rate  at  all  concentrations.  In  fact, 
there  was  a  dose  dependency  in  that  for 
each  amine  the  H"^  secretory  rate  became 
increasingly  smaller  with  increasing  concen- 


TABLE  I.  Effects  of  Beta  Adrenergic  Amines  on  Resistance,  PD  and  H*  Secretory  Rate  of 

Frog  Gastric  Mucosa. 


Adrenergic 
amines 

Cone. 

No.  of 
Expte. 

R 

(ft-an») 

AR/R 

(%) 

PD 

(mV) 

APD/PD 

(%) 

H 

(Mcq  h'  cm-») 

AH/H 

Ifoproterenoi 

0.10 

6 

183  ±  67- 

8 

{P  > 

±    14 
0.1) 

34  ±5 

14 
(P  < 

±   6 
0.01) 

6.0  ±  2.1 

-9.7 
(P  < 

±  5.8 
0.05) 

0.25 

9 

193  ±  59 

111 

iP  < 

±  77 
0.01) 

37  ±8 

12 
iP  < 

£    10 
0.01) 

4.2  ±  I.O 

-62.0 

{P  < 

±  24 
0.01) 

0.50 

6 

237  ±  101 

279 
{P  < 

±    172 
0.01) 

42  ±3 

-6 
(P  > 

±    15 
0.4) 

4.1  ±0.7 

-100 
(P  < 

±  0 
0.01) 

Epinephrine 

0.10 

7 

336  ±  123 

17 
iP  < 

±    11 
0.01) 

44±  11 

6 
iP  > 

±   9 
0.20) 

3.1  ±0.7 

-22 
(P  < 

±   12 
0.01) 

1.00 

14 

203  ±  91 

122 
iP  < 

±   112 
0.01) 

28  ±8 

32 
(P  < 

±  20 
0.01) 

4.6  ±  1.1 

-70 
(P  < 

±  31 
0.01) 

2.00 

6 

313  ±  130 

69 
(P  < 

±  49 
0.02) 

34  ±5 

14 
(P  < 

±  8 
O.OI) 

3.3  ±  1.1 

-78 
(P  < 

±  35 
0.01) 

4.70 

3 

127  ±29 

725 
(P  < 

±    141 
0.01) 

46  ±  6 

-4 
(P  > 

±    16 
0.7) 

4.7  ±  0.7 

-100 
(P  < 

±  0 
0.01) 

0.10 

8 

190  2:  101 

5.1 
iP  > 

±  9.9 
0.4) 

30  ±  7 

-4 
(P  > 

±   16 
0.5) 

3.6  ±  1.0 

-13 

(P  < 

±    10.8 
0.01) 

1.00 

7 

303  ±  99 

19 
(P  < 

±    14 
0.02) 

41  ±8 

(P  < 

±  8 
0.02) 

2.8  ±0.8 

-28 
(P  < 

±  26 
0.05) 

2.00 

7 

332  ±  166 

47 
(P  < 

±   31 
0.01) 

35  ±9 

-12 
(P  < 

±   9 
0.05) 

3.0  ±  1.4 

-51 
(P  < 

±  25 
0.05) 

•  Values  are  means  ±  SD.  H  refers  to  H*  secretory  rate.  R,  PD.  and  H  refer  to  nutrient  solution  without  amine  (control  values).  AR/R.  APD/ 
PD.  and  AA/A  refer  to  relative  changes  produced  30  min  after  the  addition  of  the  amine  to  the  nutrient  solution.  Statistics  were  determined  from 
differences  and  not  from  percentages  changes. 
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tration  of  that  amine  in  the  nutrient  solu- 
tion. 

In  contrast,  changes  in  PD  showed  some 
specificity  in  that  the  effects  of  the  beta 
antagonist  and  the  beta  agonists  differed 
with  increasing  concentrations.  We  note 
that  for  propranolol  the  PD  changed  insig- 
nificantly for  0.10  mAf  concentration  but 
decreased  significantly  for  the  higher  con- 
centrations, thereby  showing  the  same  PD 
changes  as  for  the  alpha  adrenergic  amines 
(4).  Contrary  to  this,  the  beta  agonist,  iso- 
proterenol, showed  an  increase  in  PD  for 
the  lower  concentrations  of  0.10  and  0.25 
mAf  and  an  insignificant  change  for  the 
highest  concentration  of  0.50  mAf.  With 
the  exception  of  0.10  mM  concentration  of 
epinephrine  resulting  in  an  insignificant 
change  in  PD,  the  higher  concentrations  of 
epinephrine  showed  the  same  trend  as  iso- 
proterenol. It  was  this  difference  in  the 
change  in  PD  between  agonist  and  antago- 
nist that  suggested  the  possibility  of  block- 
ing effects. 

Effects  of  a  combination  of  agonist  and 
antagonist  in  the  nutrient  solution  following 
an  induction  period  with  a  single  amine. 
Figure  2  illustrates  a  typical  experiment  in 
which  0.10  mAf  propranolol  in  the  nutrient 
solution  for  30  min  was  followed  by  a  com- 
bination of  0.10  mAf  propranolol  and  0.25 
mAf  isoproterenol.  As  Fig.  2  shows,  the 
changes  in  the  parameters  resulting  from 
the  combination  of  amines  after  30  min  in 
the  nutrient  solution  were  only  minimal 
compared  to  control  levels.  The  resistance 
increased  by  about  15%,  the  PD  decreased 
by  about  20%  and  the  H"*^  secretory  rate 
decreased  by  about  15%.  A  comparison  of 
Fig.  2  with  Fig.  1  shows  that  isoproterenol 
alone  produced  marked  changes  in  resist- 
ance and  H"^  secretory  rate  compared  to 
small  changes  by  the  combination  of 
amines.  Finally,  there  was  a  recovery  period 
with  regular  solutions  in  which  the  parame- 
ters returned  towards  control  levels. 

Table  II  summarizes  the  effects  induced 
by  a  combination  of  adrenergic  amines  after 
a  period  of  30  min  in  the  nutrient  solution 
following  a  single  amine  in  that  solution  for 
30  min.  In  experiments  with  0.10  mAf  pro- 
pranolol followed  by  a  combination  of  0.10 
mAf  propranolol  and  0.25  mAf  isoprotere- 


I      OlOwMProp      I     OZSmMltop    ^1 


5- 

2- 


0         10        20        30       40        SO       60        70      M 

Fig.  2.  Effects  of  propranolol  (Prop)  ai 
terenol  (Isop)  following  an  induction  period 
pranolol  alone  on  the  resistance,  PD  and  H" 
rate  of  frog  gastric  mucosa  in  chloride  sol 
the  time  indicated  by  the  first  arrow,  propr: 
added  to  a  concentration  of  0.10  mAf  in  th 
solution.  At  the  time  indicated  by  the  secc 
30  min  later,  isoproterenol  was  added  to  a 
tion  of  0.25  mAf  in  the  nutrient  solution  \ 
had  the  combination  of  two  amines.  At 
indicated  by  the  third  arrow,  the  two  am 
removed. 

nol,  the  effects  of  the  combination  c 
ance,  PD  and  H"*^  secretory  rate  wen 
cantly  less  compared  to  the  effects 
mAf  isoproterenol  alone.  We  note 
25%  decrease  in  H"*^  secretory  rate 
the  combination  is  signiflcantly  sm 
<  0.01)  than  the  62%  decrease 
secretory  rate  due  to  isoprotereno 
Also  the  insignificant  change  in  re 
and  PD  due  to  the  combination  c 
significantly  {P  <  0.01)  with  th< 
increase  in  resistance  and  the  12% 
in  PD  due  to  isoproterenol  alone.  H 
if  0.25  mM  isoproterenol  alone  in  tl 
ent  solution  was  followed  by  the  c 
tion  of  0.25  mAf  isoproterenol  ai 
mAf  propranolol,  the  effects  obta 
the  combination  after  30  min  in  the 
solution  on  resistance,  PD  and  H"*"  s 
rate  were  not  significantly  differe 
the  effects  on  these  parameters  obt; 
isoproterenol  alone. 

As  Table  II  indicates,  the  combir 
0.1  mAf  propranolol  and  1 .0  mM  < 
rine  exhibited  the  same  kind  of  be! 
the  combination  of  0.1  mM  pro 
and  0.25  mAf  isoproterenol.  If  pro 
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TABLE  II.  Effects  of  Combination  of  Two  Adrenergic  Amines  on  Resistance,  PD  and  H* 
Secretory  Rate  of  Frog  Gastric  Mucosa  Following  an  Induction  Period  with  a  Single  Amine." 


Combination  of 

Adrenergic 

Amines 


No.  of 
Expts. 


R 

(ft-cm«) 


AR/R 


FD 

(mV) 


APD/PD 

(%) 


H  AH/H 

(^qh  'cm  »)  (%) 


0  10  mM  Propranolol' 
0  25  mM  Isoproterenol 

9 

179  ±  100» 

24  ±32 
(P>0.1) 

29  ±7 

-10 
(P  > 

±   21 
0.1) 

2.9  ±  1.4 

-25  ±  26 
(P<0.01) 

0.25  mM  Isoproterenol 
0  10  mM  Propranolol 

248  ±  126 

66  ±46 
(P<0.01) 

25  ±9 

16 
(P  > 

±    163 
0.50) 

3.5  ±0.9 

-73  ±  26 
(/»<0.01) 

0.10  mM  Propranolol 

216±  118 

42  ±28 
(/»<0.01) 

23  ±  12 

42 
(P  > 

±   58 
0.05) 

4.0  ±  2.0 

-30  ±  22 
(/»<0.01) 

1.00  mM  Epinephrine 
0.10  mM  Propranolol 

181  ±93 

117  ±93 
{P  <  0.05) 

26  ±9 

27 
iP< 

±    15 
0.01) 

4.1  ±0.8 

-66  ±27 
(/»<0.01) 

0  10  mM  Epinephrine 

271  ±  161 

44  ±21 
{P<0.05) 

38±  11 

5 
(P  > 

±    14 
0.20) 

3.2  ±  0.8 

-65  ±  12 
(/»<0.01) 

0.10  mM  Propranolol 
1.00  mM  Norepinephrine 

341  ±  122 

77  ±47 
(P  <  0.02) 

40  ±  6 

25 
(P  < 

±    11 
0.02) 

3.4  ±  0.9 

-85  ±  13 
(/» <  0.02) 

*  First  member  of  combination  was  single  amine  in  nutrient  solution  to  which  second  member  of  pair  was  later  added. 

*  Values  are  means  ±  SD.  H  refers  to  H *^  secretory  rate.  R.  PD.  and  H  refer  to  nutrient  solution  without  amine.  AR/R.  APD/PD,  and  AH/H  refer  to 
relative  cbanges  produced  30  min  after  the  addition  of  the  combination  of  amines  in  the  nutrient  solution  following  a  30-min  period  of  a  single  amine 
in  the  solution. 


was  added  first,  blocking  effects  were  evi- 
dent whereas  if  epinephrine  was  added  first, 
blocking  effects  were  absent.  All  other  com- 
binations failed  to  reveal  any  antagonism. 
For  example,  previously  it  was  found  that 
the  alpha  agonist,  norepinephrine,  and  the 
alpha  antagonist,  phentolamine,  showed  no 
blocking  effects  (4).  From  Table  II,  it  is 
evident  that  there  is  no  interference  be- 
tween the  beta  antagonist,  propranolol,  and 
the  alpha  agonist,  norepinephrine. 

Discussion,  Agents  or  procedures  which 
markedly  increase  the  resistance  of  the  H"*^- 
and/or  Cl~  active  pumps  on  the  secretory 
membrane  produce  a  concurrent  marked 
decrease  in  the  H"^  secretory  rate  (8,  9). 
On  the  other  hand,  agents  or  procedures 
which  increase  the  resistance  of  ionic  path- 
ways on  the  nutrient  membrane  are  usually 
associated  with  small  decreases  in  the  H*^ 
secretory  rate  (9,  10).  Rose  et  aL  (4)  pro- 
vided an  analysis  based  on  these  facts  to 
explain  changes  in  PD  arising  from  changes 
in  resistance.  We  shall  apply  this  analysis  as 
a  working  model  to  the  present  results. 
Referring  to  Fig.  3  which  shows  the  princi- 
pal ionic  pathways  on  the  secretory  and 
nutrient  membranes,  we  shall  summarize 
the  main  results  of  the  analysis  at  this  point. 

When  any  treatment  results  in  an  increase 
in  resistance  and  a  marked  decrease  in  H"*^ 
secretory  rate,  it  is,  as  indicated  above, 


^ci 
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Fig.  3.  Electrical  circuit  showing  principal  path- 
ways of  the  secretory  and  nutrient  membranes.  Upper 
part  refers  to  pathways  of  the  secretory  membrane, 
namely  the  H*  and  C\~  emfs  and  their  respective 
resistances  Rjj  and  Rji-  Lower  part  refers  to  low 
resistance  pathways  of  the  nutrient  membrane,  namely 
the  emfs  Ek  and  E'd  due  to  ion  gradients  and  their 
respective  resistances  R^  and  R'd . 


reasonable  to  assume  its  effect  to  be  mainly 
on  the  secretory  membrane.  Should  changes 
in  Rh  by  ARh  and  Rci  by  ARci  both  be 
involved,  the  changes  in  PD  would  be  as 
follows.  The  PD  decreases  if  (Rci  +  ARci)/ 
(Rh  +  ARh)  >  Rci/Rh.  that  is,  if  Ra  has 
a  higher  proportional  increase  than  Rh  .  The 
PD  increases  if  Rh  increases  proportionally 
more  than  Rcj.  Finally,  the  PD  does  not 
change  if  both   Rq   and  Rh   have  equal 
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proportional  increases. 

When  any  treatment  results  in  increases 
in  resistance  and  small  changes  in  H^  secre- 
tory rate,  it  is  reasonable  to  assume  that 
the  effect  is  mainly  on  the  nutrient  mem- 
brane. The  interpretation  here  is  compli- 
cated by  the  fact  that  the  relative  magni- 
tudes of  E'ci  and  Ek  are  not  well  estab- 
lished. If  one  assumes  that  E'd  >  E^  (10), 
the  PD  decreases  if  (R'ci  +  AR'ci)/(Rk  ■^- 
ARk)  >  R'ci/Rk*  that  is,  if  R'a  increases 
proportionally  more  than  Rk-  The  PD  in- 
creases if  the  reverse  is  true.  Should  it  be 
shown  that  Ek  >  E'd,  opposite  effects 
would  be  obtained.  The  PD  does  not  change 
if  both  R'ci  and  Rk  increase  proportionally 
the  same. 

The  effects  of  the  adrenergic  amines  on 
the  ionic  pathways  can  now  be  explained. 
For  those  concentrations  in  which  the  beta 
agonist,  isoproterenol  or  epinephrine,  shows 
both  an  increase  in  resistance  and  an  in- 
crease in  PD,  it  may  be  inferred  that  the 
principal  effects  must  occur  on  the  H^  path- 
way of  the  secretory  membrane  and  on  the 
K"^  pathway  of  the  nutrient  membrane  (if 
E'ci  >  Ek).  On  this  basis,  the  CI"  pathway 
could  be  affected  on  each  membrane  but  to 
a  lesser  extent  than  the  cationic  pathways. 
At  the  highest  concentrations  of  both 
amines  at  which  secretion  was  abolished, 
there  occurred  an  increase  in  resistance  and 
no  significant  change  in  PD.  These  results 
imply  that  the  H"^  and  CI"  pathways  of  the 
secretory  membrane  change  proportion- 
ately about  the  same.  For  those  concentra- 
tions in  which  the  beta  antagonist,  propran- 
olol, shows  both  an  increase  in  resistance 
and  a  decrease  in  PD,  it  may,  likewise,  be 
inferred  that  the  principal  effects  may  occur 
on  the  C\~  pathways  of  both  membranes  (if 
E'ci  >  Ek)-  The  effects  of  propranolol  on 
the  PD  and  resistance  compare  with  those 
of  norepinephrine  and  phentolamine  (4). 

We  shall  now  discuss  briefly  the  blocking 
effects.  Even  though  the  concentrations 
were  much  higher  than  those  needed  in 
other  tissues  for  studies  of  alpha  and  beta 
receptors,  it  is  of  interest  that  even  at  these 
high  concentrations  there  seems  to  be  a 
type  of  antagonism.  Except  for  the  large 
concentrations,  the  data  are  compatible 
with  the  concept  of  beta  receptor  sites  as 


hypothesized  by  Thorpe  et  al.  One  might 
speculate  that  isoproterenol  or  epinephrine 
would  inhibit  primarily  at  these  sites 
whereas  propranolol  would  also  act  at  non- 
specific sites.  Thus  neither  isoproterenol  nor 
epinephrine  would  interfere  substantially 
with  propranolol  but  the  latter  at  the  beta 
receptor  sites  would  prevent  the  inhibitory 
action  of  isoproterenol  or  epinephrine .  The 
existence  of  such  sites  needs  to  be  estab- 
lished using  the  criteria  for  competitive  an- 
tagonism and  demonstrating  affinity  of  the 
receptors  as  comparable  with  known  beta 
receptors. 

Summary.  Beta  adrenergic  amines  like 
alpha  adrenergic  amines  decreased  the  H^ 
secretory  rate  and  increased  the  transmu- 
cosal  resistance  of  the  gastric  mucosa  of 
Rana  pipiens.  A  concentration  of  0.1  mA/ 
propranolol  in  the  nutrient  solution  fol- 
lowed by  a  combination  of  0.1  mAf  propran- 
olol and  either  0.25  mA/  isoproterenol  or 
1 .0  mA/  epinephrine  reduced  the  effects  of 
the  beta  agonists,  isoproterenol  and  epi- 
nephrine. However,  a  concentration  of  0.25 
mA/  isoproterenol  or  1.0  mA/  epinephrine 
followed  by  the  same  combination  did  not 
reduce  the  effects  of  isoproterenol  or  epi- 
nephrine alone.  These  results  suggested  the 
existence  of  beta  receptor  sites  in  addition 
to  non-specific  sites. 
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Neoplasia  is  often  characterized  by  a 
qualitative  and  quantitative  imbalance  of 
key  enzymes,  particularly  those  regulating 
DNA  and  RNA  synthesis  (1,  2).  Having 
defined  more  fully  those  metabolic  altera- 
tions associated  with  tumors  of  a  particular 
histopathology,  these  key  enzymes  will  pro- 
vide useful  biomarkers  for  identifying  and 
monitoring  tumor  progression,  and  will  con- 
tinue to  be  the  major  targets  of  different 
chemotherapy  regimens  (1). 

We  have  recently  identified  thymidine 
(TdR)  phosphorylase  (EC  2.4.2.4;  TdR: 
orthophosphate  deoxyribosyltransferase)  in 
the  plasma  of  man  and  different  laboratory 
animals  (3),  and  have  shown  that  patients 
with  uncontrolled  neoplastic  diseases  often 
exhibit  levels  of  this  pyrimidine  nucleosi- 
dase that  are  significantly  greater  than  those 
of  healthy  subjects  (4).  This  enzyme  cata- 
lyses the  reversible  reaction  of  TdR  -f-  or- 
thophosphate ^  thymine  (Thy)  -f-  2-deoxy- 
a-D-ribose-1 -phosphate  (5),  and  its  pres- 
ence in  many  normal  and  neoplastic  cells  of 
man  and  different  animals  as  well  as  in 
various  pathogenic  and  nonpathogenic  pro- 
karyotic  cells  has  been  well  documented  (5, 
6).  Some  investigators  have  suggested  that, 
under  certain  circumstances,  this  enzyme 
may  play  an  important  role  in  the  salvage 
of  Thy  for  nucleic  acid  synthesis  in  tissues 
having  a  high  rate  of  proliferation;  however, 
its  physiological  function,  especially  with 
respect  to  malignant  tissues,  has  not  been 
fully  elucidated. 

To  further  define  the  potential  clinical 
and  experimental  utility  of  assaying  TdR 
phosphorylase  activity,  a  study  of  dtfferent 
tumor-bearing  animals  was  undertaken.  Re- 

'  This  research  was  supported  by  United  States 
Public  Health  Service  Grant  No.  CA-17658  from  the 
National  Cancer  Institute. 


ported  herein  are  the  results  of  experiments 
demonstrating  that  significant  increases  in 
this  TdR-degrading  enzyme  were  recorded 
in  most  of  the  tumor  models  tested. 

Materials  and  methods.  Adult  rats  and 
mice  of  different  strains  were  used,  and 
initial  experiments  were  performed  using 
animals  that  had  been  divided  into  11 
groups  (Groups  A-K,  Table  I).  Each  of 
these  groups  consisted  of  test  animals  hav- 
ing a  tumor  of  a  particular  histological  type 
and  about  an  equal  number  of  age-  and 
sex-matched  healthy  control  animals.  The 
pathophysiology  of  these  tumors  and  proce- 
dures used  for  their  serial  passage  have 
been  described  elsewhere  (7-13,  see  Table 

I)- 

Plasma  was  from  fresh  blood  that  had 
been  collected  asceptically  into  siliconized 
tubes  containing  EDTA  (1.5  mg/ml)  and 
sodium  heparin  (10  units/ml).  Rat  blood 
was  collected  by  retroocular  puncture  and 
mouse  blood  was  procured  by  decapitation. 
Ample  blood  from  a  single  animal  was  ob- 
tained such  that  replicate  enzyme  determi- 
nations could  be  made  using  unpooled 
plasma  samples.  Ascitic  fluid  was  aspirated 
from  the  peritoneal  cavity  with  a  syringe 
and  needle.  After  performing  a  cell  count, 
the  fluid  was  centrifuged  (250g,  8  min)  and 
the  resulting  pellet  containing  tumor  cells 
was  washed  twice  with  phosphate  buffered 
saline  (PBS,  pH  7.2;  0.14  M  NaCl,  4.0 
mAf  KCl,  0.5  mAf  Na2HP04  and  0.15  mAf 
KH2PO4).  Thereafter,  the  cells  were  resus- 
pended  to  their  original  density  in  PBS  and 
then  disrupted  by  ultrasonication.  With  the 
exception  of  the  mouse  plasma,  all  samples 
to  be  assayed  were  passed  through  a  micro- 
pore (0.22  fim)  filter. 

TdR  phosphorylase  activity  was  measured 
using  our  microassay  (14);  this  is  a  modifi- 
cation of  techniques  that  have  been  de- 
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TABLE  I.  Thymidine  Phosphorylase  AcnvnY  in  the  Plasma  of  Healthy  and  Tumor-Bearing 

Animals. 


Group 

Species 
(strain) 

Tumor 
model 

Animals 
assayed 

No.  of 
animals 

%  ('HlTdR 

degraded 

(mean  ±  SB) 

Sicnificance 

(Student's 

t  test) 

A 

Rat 

(Fujih-Wisur) 

Wilms*  tumor  (7)- 

Healthy  control 
Tumor-bearing 

8 
8 

1.9 
9.1 

±  0.3 

±  0.6 

P  <  0.001 

B 

Rat 

(Charles  River  CD) 

Zajdela  ascites  hepatoma 
(8) 

Healthy  control 
Tumor-bearing 

8 
8 

2.6 
17.5 

±  0.5 
±  3.5 

P  <  0.001 

C 

Mouse 
(DBA/2) 

LI 2 10  lymphoid  leukemia 
(9) 

Healthy  control 
Tumor-bearing 

8 

22 

1.5 
55.9 

±  0.3 
±  7.2 

P  <  0.001 

D 

Mouse 
(RFMAJn) 

Myeloid  leukemia  (10) 

Healthy  control 
Tumor-bearing 

8 
8 

3.3 
52.6 

±  0.4 
±  4.0 

P  <  0.001 

E 

Mouse 
(A/Ha) 

L#2     ascites     lymphoma 
(11) 

Healthy  control 
Tumor-bearing 

5 
5 

2.5 
48.9 

±  0.5 
±   13.2 

P  <  0.01 

F 

Mouse 
(Ha/ICR) 

Ehrlich  ascites  tumor  (9) 

Healthy  control 
Tumor-bearing 

5 

9 

2.9 
16.8 

±  0.9 
±    1.6 

P  <  0.05 

G 

Mouse 
(Balb/c) 

Neuroblastoma  (9) 

Healthy  control 
Tumor-bearing 

5 
5 

2.1 
16.7 

±  0.2 
±  3.3 

P  <  0.005 

H 

Mouse 
(BDF.) 

B16  melanotic  melanoma 
(12) 

Healthy  control 
Tumor-bearing 

6 
6 

2.3 
8.9 

±  0.3 
±    1.9 

P<0.01 

' 

Mouse 
(C3H/Bi) 

Renal  cell  carcinoma  (9) 

Healthy  control 
Tumor-bearing 

9 
9 

2.3 
6.7 

±  0.2 
±    1.5 

P  <  0.025 

J 

Mouse 

(ICR  X  C57BI/6Ha) 

Gyn-74      uterine      tumor 
(NR)» 

Healthy  control 
Tumor-bearing 

10 

3.7 
5.4 

±  0.8 
±  0.9 

P>0.\ 

K 

Mouse 
(DBA/2) 

Friend  erythroblastic  leu- 
kemia (13) 

Healthy  control 
Tumor-bearing 

5 
5 

5.4 
3.9 

±    1.3 
±   1.2 

P>OA 

*  Literature  reference. 

*  Not  reported. 

scribed  previously  (15-17).  In  brief,  20  /il 
of  plasma,  ascitic  fluid  or  sonic  extract  was 
added  to  a  200  /il  U-shaped  culture-well  of 
a  microtiter  plate.  To  each  culture-well  was 
then  added  20  /il  of  PBS  containing  1.0 
/aCI  [6-^H]  TdR  (spec,  act.,  2.0  Ci/mmole; 
final  cone,  12  mM).  Immediately  after  mix- 
ing (time  0  hr,  background  samples)  and 
after  incubating  at  37®  for  various  times 
(usually  3.0  hr,  test  samples),  5  /A  of  the 
plasma-isotope  mixture  was  spotted  onto  a 
Whatman  No.  1  chromatography  paper  at  a 
location  that  had  been  spotted  previously 
with  5  /il  of  a  saturated  mixture  of  unla- 
beled TdR  and  Thy  reference  markers. 
Chromatography  was  performed  as  de- 
scribed previously  (14-17)  and  radioactivity 
in  grid  sections  containing  the  uv-absorbing 
TdR  and  Thy  reference  standards  of  each 
chromatography  channel  was  then  deter- 
mined by  liquid  scintillation  counting  (=  1 
X  10*  cpm;  counting  efficiency,  45  ± 
0.1%).  After  subtracting  background  ^H] 


Thy  values  (<3%),  the  amount  of  pH]TdR 
or  pHJThy  present  in  each  sample  was 
defined  as  a  percentage  of  the  total  radio- 
activity (amount  recovered,  >95%).  Hu- 
man plasma  from  patients  showing  high 
levels  of  TdR  phosphorylase  activity  (4) 
were  often  included  as  standards  for  moni- 
toring technical  variability.  These  included 
aliquots  of  plasma  which  had  (negative  stan- 
dard) or  had  not  (positive  standard)  been 
heated  (56®,  2  hr)  to  inactivate  this  enzyme 
before  storing  at  -20®.  Reproducibility 
among  replicate  assays  was  good  (mean 
S.E.,<5%).  Enzyme  activity  was  expressed 
as  the  percent  [^HJTdR  degraded;  this  de- 
parture from  conventional  definitions  of  en- 
zyme activity  (i.e.,  product  formation  rather 
than  substrate  degradation)  was  justified  in 
that  it  illustrated  the  potential  magnitude  of 
error  that  may  arise  in  various  in  vitro  or  in 
vivo  assays  in  which  the  cellular  uptake  of 
PH]-  or  [*^C]TdR  is  used  as  the  sole  basis 
for  defining  DNA  synthesis  (3,  4,  14-17). 
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TdR  kinase  activity  was  assayed  using  the 
method  described  by  Lee  and  Cheng  (18). 
The  reaction  mixture  contained  0.19  M 
Tris-HCl  (pH  7.5),  1.9  mAf  MgClz,  0.2 
/iCi  [^^C]TdR  (spec,  act.,  12  /iCi/mmole; 
final  cone,  0.19  mAf),  1%  bovine  serum 
albumin,  3  mM  phosphocreatine,  0.54  units 
creatinine  kinase,  10  mAf  dithiothreitol,  10 
mA/  NaF  and  test  serum  in  a  final  volume 
of  0.1  ml.  The  assay  mixture  was  usually 
incubated  for  1 .0-2.0  hr;  however,  in  some 
assays,  longer  times  were  tested.  The  reac- 
tion was  stopped  by  spotting  50  /il  of  the 
reaction  mixture  onto  a  Whatman  DE81 
disc,  then  immediately  dropping  it  into  al- 
cohol (10  ml/disc)  and  washing  three  times 
with  alcohol.  Thereafter,  the  sample  was 
prepared  for  liquid  scintillation  counting 
and  the  amount  of  [''^CITMP  formed  was 
determined. 

The  results  were  subjected  to  statistical 
evaluation  by  means  of  the  Student's  /  test 
for  small  samples,  and  differences  between 
means  giving  a  probability  of  less  than  5% 
were  considered  to  be  significant. 

Results.  Summarized  in  Table  I  are  the 
results  of  a  survey  defining  TdR  phospho- 
rylase  activity  in  the  plasma  of  healthy  and 
tumor-bearing  rats  (N  =  32)  and  mice  (N 
=  131).  Significant  (P  <  0.01)  differences 
in  TdR  phosphorylase  activity  were  re- 
corded for  each  of  the  two  rat  tumor 
models;  in  these  experiments,  enzyme  activ- 
ity in  the  plasma  from  animals  with  Wilms' 
tumor  or  Zajdela  ascites  hepatoma  (Groups 
A  and  B)  were  379  and  573%  greater  than 
the  corresponding  values  for  animals  with- 
out tumors. 

Significantly  (P  <  0.05)  elevated  TdR 
phosphorylase  activity  was  also  identified  in 
7  of  the  9  (78%)  murine  tumor  models 


examined.  Of  these,  highest  levels  of  en- 
zyme activity  were  recorded  for  animals 
with  lymphoid  leukemia  (Group  C),  mye- 
loid leukemia  (Group  D)  and  ascites  lym- 
phoma (Group  E).  Increased  activity  was 
also  recorded  for  mice  with  Ehrlich  ascites 
tumor  (Group  F). 

Of  the  four  test  groups  with  different 
types  of  solid  tumors  (Groups  G-J),  in- 
creased plasma  TdR  phosphorylase  activity 
was  noted  in  three  (75%).  Test  mice  failing 
to  show  an  increase  in  TdR  phosphorylase 
activity  were  those  with  a  carcinogen-in- 
duced uterine  tumor.  This  uterine  tumor, 
which  is  currently  being  characterized,  was 
transplanted  subcutaneously  and,  when 
compared  with  other  tumors  in  this  study, 
was  rather  benign  in  that  it  showed  little  or 
no  evidence  of  metastasis.  Mice  with  Friend 
erythroblastic  leukemia  (Group  K)  also 
failed  to  show  an  increase  in  plasma  TdR 
phosphorylase  activity. 

Presented  in  Table  II  are  the  results  of  a 
study  comparing  TdR  phosphorylase  activ- 
ity in  the  plasma,  ascitic  fluids  and  tumor 
cell  sonicates  of  mice  with  LI 2 10  lympho- 
cytic leukemia.  This  leukemia  was  trans- 
planted intraperitoneally  with  1.5  x  10*^ 
tumor  cells  and  the  animals  were  sacrificed 
9  days  later.  Appreciable  TdR  phosphoryl- 
ase activity  was  recorded  in  0.5  hr  reaction 
mixtures.  Increased  amounts  of  [•''H]TdR 
were  degraded  in  reaction  mixtures  of  1 .0- 
4.0  hr;  mean  values  (±S.E.,  N  =  9  mice) 
obtained  in  2.0  hr  reaction  mixtures  con- 
taining tumor  cell  sonicates,  plasma  and 
ascitic  fluids  were  45 .0  ±  6 .5 ,  3 1 .8  ±  11.5 
and  6.5  ±  1 .6%,  respectively. 

In  similar  studies,  corresponding  mean 
values  recorded  in  3.0  hr  assays  of  ascitic 
fluids  from  rats  with  Zajdela  hepatoma  {N 


TABLE  II.  Thymidine  Phosphorylase  Activity  in  the  Plasma,  Ascmc  Fluids  and  Tumor  Cell 
Sonicates  of  Mice  with  LI  210  Lymphocytic  Leukemia. 


Siih^tnnp/*  AS/.- 

%  ['H)TdR  degraded 

in  reaction  mixtures  of: 

sayed 

0.5  hr 

1.0  hr 

2.0  hr 

4.0  hr 

Plasma 

Cell  sonicates^ 
Ascitic  fluids 
Ascitic  fluids-H*^ 

19.4  ±  9.5° 

15.6  ±2.2 

3.2  ±0.7 

0.3  ±0.1 

26.0  ±  11.4 

27.5  ±  3.4 

5.3  ±  1.7 

0.3  ±0.1 

31.8  ±  11.5 

45.0  ±6.5 

6.5  ±  1.6 

0.8  ±  0.4 

40.1  ±11.4 

61.6  ±  5.1 

11.5  ±  2.6 

1.3  ±0.6 

Mean  ±  SE,N  =  9  mice. 

Cell  density  (mean  ±  SE)  before  lysis,  12.7  ±  0.6  x  lOVml  PBS. 

Heated  (H)  at  56*'  for  2.0  hr. 
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mice  with  L#2  lymphoma  and  mice 
irlich  tumor  (N  =  13)  were  19.2  ± 
.3  ±  10.1  and  29.2  ±  5.9,  respec- 

inted  in  Fig.  1  are  the  results  of  a 
:omparing  changes  in  plasma  TdR 
orylase  activity  with  tumor  progres- 
mice  with  myeloid  leukemia.  Param- 
f  tumor  growth  which  were  moni- 
icluded  changes  in  the  spleen  weight, 
ed  spleen  cells,  liver  weight  and 
eukocytes.  Enzyme  activity  and  these 
It  parameters  were  analyzed  for  mice 
anted  intravenously  with  1.0  x   10® 

leukocytes  from  a  leukemic  mouse. 
5  of  animals  (N  =  3/group)  were 
ed  on  days  0  (i.e.,  immediately  after 
transfer),  1,  4  and  8.  There  were  no 
changes  within  the  first  day.  On  day 
/ever,  we  detected  a  significant  in- 
in  TdR  phosphorylase  activity  that 
companied  by  splenomegaly.  These 
s,  as  well  as  the  concomitant  devel- 
t  of  hepatomegaly,  became  more 
meed  on  day  6.  On  day  8,  a  time  at 
the  mice  were  in  the  terminal  phase 
ir  disease,  highest  values  were  re- 

for  TdR  phoshorylase  activity  and 
h  of  the  four  morphological  parame- 

vn  in  Fig.  2  are  the  results  of  a 
jntative  study  of  TdR  kinase  and  TdR 
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1 .  Comparison  of  different  morphological  pa- 
.  of  tumor  progression  with  thymidine  phos- 
e  activity  in  the  plasma  of  mice  having  myeloid 
I.  Assays  were  performed  immediately  after 
ransplantation  (day  0)  and  at  various  times 
T.  Each  point  denotes  the  mean  value  of  three 
Reproducibility  of  the  different  assays  was 
ually  less  than  15%  SE. 


I        2  4 

ASSAir  DURATION  (hr) 


Fig.  2.  Analysis  of  TdR  kinase  and  TdR  phospho- 
rylase activities  in  the  sera  of  a  test  mouse  in  the  termi- 
nal stage  of  his  myeloid  leukemia  and  of  a  correspond- 
ing healthy  control  animal.  Each  point  denotes  the 
mean  value  of  triplicate  assays,  SE  <  7%. 

phosphorylase  activities  in  the  sera  of  a 
moribund  mouse  with  myeloid  leukemia 
and  of  a  healthy  animal  of  the  same  strain, 
age  and  sex.  Significant  {P  <  0.001)  in- 
creases in  both  of  these  enzymes  were  re- 
corded for  the  leukemic  mouse,  and  activi- 
ties of  these  enzymes  were  nearly  linear  in 
4.0  hr  reactions.  Values  for  the  correspond- 
ing enzymes  in  the  sera  of  the  normal  mouse 
were  consistently  low. 

Discussion.  Selected  for  initial  experi- 
mentation were  animals  having  tumors  that 
differed  markedly  with  respect  to  their 
strain  specificity,  etiology,  histology,  growth, 
invasiveness  and  morbidity.  Results  of  these 
studies  demonstrated  that  TdR  phosphoryl- 
ase activity  in  the  plasma  of  tumor-bearing 
animals  was  increased  significantly  in  9  of 
11  (82%)  models  tested. 

The  findings  of  experiments  reported 
herein  are  consistent  with  the  observations 
of  our  previous  report  showing  that  the 
activity  of  this  TdR-degrading  enzyme  is 
frequently  elevated  in  the  plasma  of  patients 
with  uncontrolled  neoplastic  diseases  who 
had  or  had  not  received  antitumor  therapy 
(4).  Accordingly,  increased  plasma  TdR 
phosphorylase  activity  in  the  tumor-bearing 
patient  cannot  be  ascribed  solely  to  im- 
paired cell  function  resulting  from  chemo- 
therapy, radiotherapy,  surgery  or  other  an- 
titumor modalities.  Moreover,  it  is  unlikely 
that  elevated  activity  of  this  extracellular 
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enzyme  can  be  attributed  to  undetected 
viral,  bacterial  or  fungal  infections.  Thus, 
changes  in  TdR  phosphorylase  activity 
noted  in  these  tumor-bearing  hosts  are 
thought  to  be  associated  with  tumor  growth. 
Equally  important,  however,  is  that  studies 
reported  herein  have  identified  several  tu- 
mor models  suitable  for  future  experiments 
characterizing  the  origin,  function  and  ki- 
netics of  this  enzyme. 

The  reasons  for  this  increased  activity  of 
TdR  phosphorylase  are  not  known,  and  we 
cannot  exclude  as  possible  explanations  the 
release  of  TdR  by  rapidly  replicating  tumor 
cells,  by  tumor  tissue  necrosis  and  disolu- 
ton,  or  by  normal  tissues  whose  function 
has  been  altered  either  directly  by  meta- 
static infiltration  or  indirectly  by  humoral 
factors. 

In  previous  studies  attempting  to  define 
the  mechanisms  whereby  TdR  phosphoryl- 
ase is  released,  we  have  shown  that  high 
levels  of  this  enzyme  are  elaborated  by 
lymphoblastoid  cells  of  established  human 
lines  when  these  cells  were  maintained  for 
a  short  time  under  certain  culture  conditions 
having  no  apparent  adverse  affect  on  their 
viability  or  morphology  (14).  Other  in  vitro 
experiments  have  shown  that  TdR  phospho- 
rylase is  also  released  by  peripheral  blood 
leukocytes  of  healthy  donors  as  well  as  of 
patients  with  either  myeloid  or  lymphoid 
leukemia  (14-19).  These  and  other  studies 
currently  in  progress  suggest  that  the  extra- 
cellular presence  of  TdR  phosphorylase  is 
not  merely  a  consequence  of  cell  death, 
and  that  it  may  be  selectively  released  as 
are  the  lysosomal  enzymes  of  polymorpho- 
nuclear leukocytes  (21).  In  this  respect  it  is 
noteworthy  that  the  polymorphonuclear 
leukocyte  is  thought  to  contain  significantly 
higher  levels  of  TdR  phosphorylase  than 
mononuclear  leukocytes  (15-17). 

The  biochemical  strategy  of  cancer  cells, 
particularly  with  respect  to  the  imbalance 
of  enzymes  of  pyrimidine  synthesis  and  deg- 
radation and  in  the  de  novo  and  salvage 
pathways  of  DNA,  have  been  studied  exten- 
sively. Of  particular  interest  have  been  the 
findings  of  Weber  and  co-workers  who  have 
formulated  the  **molecular-correlation  con- 
cept" (1,  2).  Essential  to  this  idea  is  the 
existence  of  certain  enzymes  whose  concen- 


trations and  activities  increase,  and  those  of 
opposing  enzymes  that  decreased,  with  ma- 
lignant transformation  or  malignant  pro- 
gression (1,  2).  Examination  of  homoge- 
nates  or  sonic  extracts  of  different  types  of 
tumors  as  well  as  of  tumors  having  a  similar 
histology  but  varied  growth  rates  has  pro- 
vided evidence  suggesting  that  intracellular 
TdR  phosphorylase  activity  is  decreased  in 
most  tumors  during  periods  of  accelerated 
growth.  The  reason  for  the  apparent  dis- 
crepancy between  the  activity  of  intracellu- 
lar and  extracellular  TdR  phosphorylase  ac- 
tivity cannot  readily  be  resolved  with  data 
that  are  currently  available . 

Assuming  that  the  "molecular-correlation 
concept"  is  correct,  an  interpretation  of  our 
findings  of  increased  TdR  phosphorylase 
activity  in  the  tumor-bearing  host  is  further 
complicated  by  information  from  recent 
publications  reporting  increased  tumor-as- 
sociated TdR  kinase  activity  in  the  sera  of 
rats  with  transplantable  hepatomas  (19)  and 
lymphomas  (20),  but  not  of  hosts  carrying 
hepatic  (observations  conflict  with  those  of 
reference  19),  renal,  mammary  or  submax- 
illary gland  tumors  (20).  In  addition  to  the 
studies  of  mice  with  myeloid  leukemia  (see 
Fig.  2),  we  have  also  observed  increased 
TdR  kinase  activity  in  the  sera  of  other 
animals  with  transplanted  tumors  including 
rats  with  hepatomas  (unpublished).  This 
apparent  biochemical  imbalance  of  TdR 
phosphorylase  and  TdR  kinase,  enzymes  of 
the  pyrimidine  pathway  that  are  functionally 
opposed  to  one  another  (1,  2),  requires 
further  characterization  in  serial  studies  cor- 
relating the  activities  and  concentrations  of 
these  enzymes  in  both  tumor  cells  and 
plasma  with  tumor  progression  and  the 
pathophysiology  of  the  host. 

Summary.  Activity  of  thymidine  (TdR) 
phosphorylase  (EC  2.4.2.4;  TdR:  ortho- 
phosphate  deoxyribosyltransferase)  in  the 
plasma  of  healthy  and  tumor-bearing  mice 
and  rats  was  evaluated  in  comparative  stud- 
ies. Increased  enzyme  activity  was  recorded 
in  9  of  1 1  tumor  models  tested,  and  highest 
values  were  obtained  for  mice  with  lymph- 
oid or  myeloid  leukemia.  Heightened  activ- 
ity of  this  TdR-degrading  enzyme  was  ob- 
served in  the  plasma  of  mice  bearing  three 
of  four  solid  tumors.  Elevated  TdR  phos- 
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)borylase  activity  was  also  identified  in  the 
peritoneal  exudate  fluids  in  each  of  four 
roups  of  animals  carrying  ascites-producing 
imors. 

Tumor-bearing  animals  used  in  these  studies  were 
indly  provided  by  investigators  at  Roswell  Park  Mem- 
rial  Institute,  including  Drs.  J.  T.  Evans,  T.  S. 
auschka.  M.  T.  McGarry,  G.  P.  Murphy,  H.  D. 
riesler  and  E.  J.  Sarcione. 
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An  indirect  solid  phase  radioimmunoas- 
say (RIA)  method  developed  in  this  labora- 
tory is  highly  sensitive  for  detecting  viral 
antigens  in  cell  cultures  and  brain  tissue, 
and  for  assay  of  viral  antibodies  in  sera  and 
cerebrospinal  fluids  (1-4).  In  the  present 
study,  the  RIA  was  applied  to  detection  of 
measles  virus  antigen  in  brain  tissue  of  ex- 
perimentally infected  animals  and  of  a  pa- 
tient with  subacute  sclerosing  panencepha- 
litis (SSPE);  for  detecting  specific  measles 
virus  antibody  in  eluates  from  SSPE  brain 
tissue;  and  for  determining  the  classes  of 
immunoglobulins  represented  in  the  eluted 
antibody.  It  was  found  that  RIA  could  be 
applied  to  detection  of  both  measles  virus 
antigen  and  antibody  in  the  same  brain 
tissue.  Elution  of  brain  tissue  with  chao- 
tropic  ions  (5)  was  shown  to  release  greater 
amounts  of  specific  viral  antibody  than  did 
elution  at  an  acid  pH. 

MATERIALS   AND   METHODS.    MeOSlcS   VirUS- 

infected  cell  cultures.  The  LEC  strain  of 
measles  virus,  isolated  from  the  brain  of  a 
child  with  SSPE  (6),  was  obtained  from  Dr. 
H.  Koprowski,  Wistar  Institute.  Human  fe- 
tal diploid  !ung  (HFDL)  cells  propagated  in 
the  bottom  of  1-dram  glass  vials  were  in- 
fected with  the  virus  at  a  multiplicity  of  1 , 
and  these  were  used,  as  previously  de- 
scribed (4),  as  a  source  of  antigen  for  assay 
of  measles  virus  antibody  by  RIA.  Unin- 
fected cells  prepared  in  the  same  manner 
were  used  as  controls. 

For  studies  on  the  adsorption  and  elution 
of  measles  virus  antibody  to  and  from  in- 
fected cells  in  culture,  HFDL  cell  monolay- 
ers in  roller  bottles  were  infected  with  LEC 
virus  at  a  multiplicity  of  1 ,  incubated  for  5 
or  6  days  at  36**.  The  cells  were  then  dis- 

*  This  study  was  supported  by  Public  Health  Service 
Grant  No.  AI-01475  from  the  National  Institute  of 
Allergy  and  Infectious  Diseases. 


lodged  from  the  bottle  surface  by  shj 
with  glass  beads,  sedimented  by  centri 
tion  at  2000  rpm  for  5  min,  washed 
with  phosphate  buffered  saline,  pH 
(PBS),  and  used  for  the  adsorption-el 
studies  described  below. 

Measles  virus-infected  brain  tissue. 
LEC  strain  of  measles  virus  adapte 
growth  in  suckling  hamster  brains  was 
ulated  by  the  intracerebral  route  into 
sters  2  to  3  days  of  age  using  an  inoc 
of  0.02  ml  containing  approximately 
10^-1  X  10^  pfu  of  virus.  Alter  3  to  4 
when  the  animals  first  showed  signs  ( 
ness,  the  brains  were  harvested  and  s 
at  -70^ 

The  human  brain  tissue  studied  was 
a  child  with  SSPE.  Upon  initial  examin 
in  our  diagnostic  laboratory  the 
showed  positive  fluorescent  antibody 
staining  with  measles  antiserum.  It  had 
stored  at  -70®  for  8  years  at  the  time  c 
present  study. 

Frozen  sections  from  the  brain  tissue 
mounted  onto  15  mm  round  glass  c 
slips,  using  five  sections  per  coverlsip 
out  overlapping,  and  the  tissue  was  air- 
and  fixed  in  cold  acetone  for  10  min 
coverslips  were  then  transferred  to  scii 
tion  vials  for  use  in  RIA.  Adjacent  sec 
from  the  tissue  were  mounted  on  glass : 
for  FA  staining,  air-dried,  and  fixed 
acetone. 

Measles  virus  antiserum.  Hamsters 
immunized  with  the  HNT  Philade 
strain  26  neurotropic  virus  (7)  to  pre 
measles  antiserum.  This  was  used  i 
intermediate  serum  in  the  RIA  e? 
ments,  and  also  for  indirect  FA  stainir 

^'^^1  labeled  antibodies  to  human  and 
ster  immunoglobulins.  Heavy  chain-sp 
antisera  to  human  IgA,  IgG  and  IgM 
duced  in  goats  were  obtained  from  Y 
stad  Laboratories,  Chaska,  MN,  and 
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m  to  hamster  gamma  globulin  from 

lies,  Inc.,  Davis,  CA.  These  were 

using  immunoadsorbents  prepared 

irified   homologous  immunoglobu- 

in   IgA  was  isolated  and  purified 

0  ml  of  pooled  human  serum  by  the 
of  Newcomb  ei  al,  (8).  The  concen- 
jA  was  chromatographed  twice  on 
30  cm  columns  of  Sephadex  G-200, 
;  fractions  containing  IgA  were 
ind  concentrated  to  a  vol  of  2  to  3 
ultrafiltration  through  an  Amicon 
ne^  (Amicon  Corp.,  Lexington, 
luman  IgG  was  purified  from  200 
ooled  human  serum,  and  hamster 
n  300  ml  of  normal  hamster  serum, 

1  precipitations  with  V3  saturated 
um  sulfate,  passage  through  a 
:ellulose  column,  and  concentration 
con  membrane  filtration.  Human 
s  purified  from  600  ml  of  pooled 
serum  by  the  method  of  Cambier 
ler  (9).  The  concentrated  IgM  was 
ographed  twice  on  Sephadex  G-200 

and  subjected  to  Amicon  mem- 
Itration.  The  purity  of  each  human 
globulin  preparation  was  confirmed 
unodiffusion  against  antiserum  to 
luman  serum  and  against  heavy 
ecific  antisera  to  human  IgA,  IgG 
[,  and  the  protein  concentration  was 
led  by  the  biuret  method.  Immuno- 
nts  were  prepared  with  the  purified 
globulins  by  the  method  of  Avra- 
id  Ternynck  (10)  using  glutaralde- 
a  cross-linking  agent, 
ractions  of  goat  antisera  to  human 
3  and  IgM  and  hamster  IgG  were 
o  the  homologous  immunoadsorb- 
i  incubated  at  37**  for  30  min  fol- 
►y  overnight  incubation  at  4®  with 
shaking.  After  centrifugation  at 
pm  for  15  min,  the  supernatant 
ere  removed,  and  the  pellets  were 
five  times  with  200  ml  of  PBS.  The 

IgG  was  then  eluted  with  0.1  M 
rtCl,  pH  2.8.  Eluted  IgG  was  clari- 
$000  rpm  for  15  min,  the  pH  was 

to  7.0,  and  the  protein  concentra- 

determined  by  the  biuret  method 
\  preparation  had  been  held  at  4® 
t. 


The  purified  class-specific  immunoglobu- 
lins were  labeled  with^^^I  by  the  chloramine 
T  method  (11,  12).  Complete  details  of 
radiolabeling  have  been  published  previ- 
ously (1,  2).  For  use  in  the  indirect  RIA 
the  reagents  were  diluted  in  PBS  containing 
5%  normal  goat  serum  to  give  40,000 
counts/min  (CPM)  in  a  volume  of  0.1  ml. 

RIA  of  viral  antigen  and  antibodies.  De- 
tails of  the  indirect  solid  phase  RIA  for 
detection  of  viral  antigens  in  infected  cells 
and  brain  specimens,  and  for  assay  of  viral 
antibodies,  are  given  elsewhere  (1,3,4). 

FA  staining.  The  indirect  FA  staining 
method  used  in  this  laboratory  has  been 
described  in  detail  (13). 

Elation  of  antibody  from  brain  tissue.  A 
sample  of  brain  tissue  3  to  4  mm  in  diameter 
was  triturated  with  a  glass  rod  in  a  polycar- 
bonate centrifuge  tube.  Five  milliter  of  PBS, 
pH  7.2,  was  added  and  the  contents  of  the 
tube  were  stirred  vigorously  on  a  Vortex 
mixer,  followed  by  shaking  overnight  at  4° 
on  a  wrist  action  shaker.  After  centrifuga- 
tion at  35,000  rpm  for  2  hr  at  4**,  the 
supernatant  wash  fluid  was  removed  and 
saved  for  antibody  assay.  Fresh  PBS  was 
added  to  the  tissue,  and  the  above  proce- 
dure was  repeated  for  a  total  of  five  times, 
or  until  the  wash  fluid  showed  little  or  no 
antibody  by  RIA.  Antibody  was  eluted  from 
the  washed  brain  tissue  using  either  2.5  M 
KI  in  PBS  (5)  or  0.1  M  glycine-HCl,  pH 
2.8.  Five  milliliter  of  the  eluting  reagent 
was  added  to  the  tissue,  and  after  thorough 
mixing  and  incubation  at  room  temperature 
for  30  min,  the  mixture  was  centrifuged  at 
35 ,000  rpm  for  2  h  at  4°  and  the  supernatant 
fluid  was  removed  and  diluted  in  PBS  con- 
taining 1:5000  fetal  bovine  serum  for  anti- 
body assay. 

Before  applying  the  elution  methods  to 
dissociate  measles  antibody  from  SSPE 
brain  tissue,  their  reliability  was  confirmed 
using  measles-infected  HFDL  cells  and 
measles-infected  hamster  brain  tissue  to 
which  specific  antibody  was  absorbed.  To  5 
mm  square  samples  of  brain  tissue  or  0.5 
ml  of  infected  cell  pack  was  added  0.05  ml 
of  measles  immune  hamster  serum  fol- 
lowed, after  thorough  mixing,  by  5  ml  of 
PBS.  After  incubation  for  1  h  in  a  37** 
water  bath  followed  by  shaking  overnight 
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at  4**  the  mixture  was  centrifuged  at  35,000 
rpm  for  2  h  at  4°,  the  supernatant  fluid  was 
removed,  and  the  tissue  was  washed  in  PBS 
and  eluted  as  described  above.  Uninfected 
HFDL  cells  and  hamster  brain  tissue  were 
treated  in  parallel. 

Results.  Detection  of  measles  virus  antigen 
in  brain  tissue  by  RIA.  Tab!e  I  illustrates  the 
specificity  and  sensitivity  of  the  indirect 
RIA  method  for  detecting  measles  virus 
antigen  both  in  brain  tissue  of  acutely  in- 
fected hamsters  and  in  the  brain  of  an  SSPE 
patient  with  a  chronic  measles  virus  infec- 
tion. Controls  consisted  of  brain  tissue  from 
uninfected  hamsters  and  a  human  brain  on 
which  attempts  to  isolate  virus  or  demon- 
strate viral  antigen  by  FA  were  negative.  In 
tests  with  measles-infected  tissues  the  bind- 
ing ratios  obtained  by  dividing  the  CPM 
obtained  with  measles  immune  serum  by 
those  obtained  with  normal  hamster  serum 
were  much  above  the  2.1  level  considered 
as  positive,  and  in  tests  with  measles-nega- 
tive brain  tissues  binding  ratios  were  well 
below  this  !evel. 

Of  five  coverslip  preparations  examined, 

TABLE  I.  Detection  of  Measles  Virus 
Antigen  in  Brain  Tissue  by  RIA. 


cpm  with  intermediate 

hamster 

serum 

(1:4000) 

Measles  vi- 

rus immune 

Normal 

Binding 

Tissue  examined 

hamster 

hamster 

ratio" 

Normal     hamster 

400 

339 

1.2 

brain 

Measles-infected 

3,064 

347 

8.7 

hamster     brain 

Negative     human 

560 

492 

1.1 

brain 

SSPE  human  brain 

1,862 

521 

3.5 

cpm  immune  serum/CPM  normal  serum . 


each  containing  five  sections  of  SSPE 
tissue,  all  were  clearly  positive  by 
However,  only  16  of  25  individual  ad 
sections  were  positive  by  FA.  These  r 
are  not  directly  comparable,  since  po 
five  sections  were  examined  by  RIA 
individual  sections  by  FA,  but  they  d( 
cate  that  the  method  employed  for 
gave  positive  results  with  all  prepara 
while  FA  examination  of  individual  se 
gave  negative  results  in  some  instance 

Elution  of  measles  virus  antibody  I 
to  infected  cells  and  tissues.  Table  II 
results  of  preliminary  studies  design 
determine  whether  measles  virus  ant 
adsorbed  onto  infected  cells  or  brain 
could  be  effectively  eluted  and  then  as 
by  RIA.  Infected  HFDL  cells  appa 
contained  greater  amounts  of  accc 
measles  virus  antigen  than  did  infected 
ster  brain  tissue,  since  greater  amou 
antibody  were  adsorbed,  and  ever 
eluted.  Although  some  antibody  wa? 
specifically  adsorbed  to  the  uninfected 
and  brain  tissue,  this  was  removed  by 
ing,  and  none  was  recovered  by  el 
With  infected  cells  and  tissue,  the  five 
fluids  showed  successively  less  antibod 
large  amounts  of  specific  measles  vim 
body  were  released  from  the  washed 
by  elution,  and  KI  was  more  effecti 
this  purpose  than  was  acid  elution. 

Efforts  were  then  made  to  elute 
antibody  from  the  same  human  SSPE 
in  which  measles  virus  antigen  was  d< 
strable  by  RIA,  and  also  from  a  k 
brain  from  a  fatal  case  of  herpes  si 
encephalitis.  Table  III  shows  in  both 
the  specificity  of  the  eluted  antibody  f 
infecting  virus.  Again,  KI  was  more 
tive  than  low  pH  for  antibody  elution. 
results  indicate  that  RIA  is  applical 


TABLE  II.  Absorption  and  Elution  of  Measles  Virus  Antibody. 

RIA  titer  to  measles  virus 

Material  treated  with  Supernatant  0.1 

measles  virus  immune         fluid  after  ab-  Wash  Wash  Wash  Wash  Wash  2.5A/KI  cin 

hamster  serum  sorption  #1  #2  #3  #4  #5  eluate  el 

Uninfected  HFDL  cells  400.000 

Measles-infected      HFDL  10,000 

cells 
Uninfected  hamster  brain         400.000 

tissue 
Measles-infected    hamster         400.000 

brain  tissue 


50.000 

10.000 

2.500 

<250 

<250 

<250 

5.000 

5.000 

5.000 

2.000 

<250 

>200.000 

100,000 

20.000 

20.000 

2.500 

<250 

<250 

100.000 

10,000 

5.000 

5.000 

500 

100.000 

RIA    OF    MEASLES    ANTIGEN    AND    ANTIBODIES 


271 


TABLE  III.  VnuL  SPECincmr  of  Immunoglobulins  Eluted  from  Infected  Human  Brain  Tissue. 


Test  virus" 

RIA  titer  to  test 

virus 

Infecting 
virus 

Wash 
#1 

Wash 

#2 

Wash 

#3 

Wash 
#4 

Wash 
#5 

2.5  MKI 
eluate 

0.1  Afgly- 

cine-m 

eluate 

Measles* 
HSV 

Measles 
HSV 

Measles 
HSV 

2,000.000 
<250 

2,500 
25,000 

200,000 
<250 

<250 
500 

100,000 
<250 

<250 
500 

20,000 
<250 

<250 
250 

2,000 
<250 

<250 
250 

100,000 
<250 

<250 
25,000 

40,000 
<250 

<250 
2,500 

■  Infected  HFDL  cells. 
•  SSPE  patient. 

the  demonstration  of  both  measles  vims 
antigen  in  the  same  brain  tissue. 

Studies  on  the  classes  of  immunoglobulins 
present  in  brain  eluates.  The  first  wash  fluid 
and  KI  and  glycine-HCl  eluates  from  the 
SSPE  brain  tissue  were  applied  to  measles 
virus-infected  cells,  and  the  radiolabeled 
immune  globulins  specific  for  human  IgA, 
IgG  and  IgM  were  used  to  detect  antigen- 
antibody  reactions.  With  each  preparation 
positive  results  were  obtained  only  with  the 
anti-IgG  reagent.  The  ability  of  the  reagents 
to  detect  measles  antibody  in  all  three 
classes  of  immunoglobulins  was  confirmed 
by  parallel  testing  of  an  early  serum  from  a 
measles  virus  infection. 

To  examine  the  possibility  that  high  con- 
centrations of  IgG  antibody  in  the  eluates 
might  be  inhibiting  reactivity  of  IgM  or  IgA 
antibody,  wash  fluids  and  eluates,  dialyzed 
against  PBS,  were  subjected  to  sucrose  den- 
sity gradient  centrifugation,  and  the  gra- 
dient fractions  were  assayed  for  measles 
virus  antibody  by  RIA  using  the  heavy 
chain-specific  reagents.  As  shown  in  Table 
IV,  only  the  anti-IgG  reagent  gave  positive 
results  with  the  fractions.  Only  IgG  was 
demonstrable  in  the  eluates  and  gradient 
fractions  by  immunodiffusion  against  anti- 
sera  to  human  IgA,  IgG  and  IgM. 

As  a  control  on  the  ability  of  the  gradient 
to  separate  viral  antibody  of  different 
classes,  an  early  serum  from  a  rubella  infec- 
tion was  centrifuged  in  parallel  with  the 
wash  fluids  and  eluates,  and  fractions  were 
assayed  for  rubella  antibody  by  solid  phase 
RIA  using  the  heavy  chain-specific  re- 
agents. IgM  rubella  antibody  peaked  in  frac- 
tion 3,  IgA  antibody  in  fraction  6,  and  IgG 
antibody  in  fractions  8  and  9. 

Discussion,   The  present  study  has  ex- 


TABLE  IV.  Class  of  Measles-Specific 
Immunoglobulin  in  SSPE  Brain. 

Reactivity  in  RIA  of  first  wash  fluid. 
Sucrose  KI  and  glycine-HCl  eluates  with  ra- 

density  diolabeled  antibodies  to 


fraction** 

IgG 

IgA 

IgM 

1 

0 

0 

0 

2 

0 

0 

0 

3 

0 

0 

0 

4 

0 

0 

0 

5 

■f* 

0 

0 

6 

■f 

0 

0 

7 

+  + 

0 

0 

8 

+  +  + 

0 

0 

9 

+  +  +  + 

0 

0 

10 

+  +  -f 

0 

0 

11 

+ 

0 

0 

12 

■f 

0 

0 

"  1  =  most  dense,  12  =  least  dense. 

*  -f  =  antibody  titer  of  1 :  1000. 

+  +  =  antibody  titer  of  1:2000. 

■f -f  +  =  antibody  titer  of  1:5000. 

+  +  +  -H  =  antibody  titer  of  >  1:10,000. 

tended  the  use  of  RIA  for  detecting  viral 
antigen  directly  in  clinical  materials.  It  has 
previously  been  shown  that  RIA  can  be 
used  for  detecting  and  typing  herpes  simplex 
virus  (HSV)  directly  in  human  brain  tissue 
(1),  and  for  demonstrating  rabies  virus  an- 
tigen in  brain  tissue  (B.  Forghani,  unpub- 
lished). The  method  can  also  be  used  for 
clear-cut  and  specific  demonstration  of  mea- 
sles virus  antigen  in  SSPE  brain  tissue.  The 
sensitivity  of  RIA  for  this  purpose  was  as 
good  as,  and  perhaps  better  than,  that  of 
FA  staining.  Further,  by  using  the  highly 
sensitive  RIA  method  for  detection  of  viral 
antibody  in  eluates  from  brain  tissue,  it  was 
possible  to  demonstrate  measles  virus  anti- 
body in  the  same  SSPE  brain  in  which 
antigen  was  demonstrable. 

Assay  of  viral  antibodies  in  brain  eluates 
by  RIA  has  several  advantages,  the  most 
notable  of  which  is  marked  sensitivity,  as 
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evidenced  by  the  high  antibody  titers  ob- 
tained. This  makes  it  unnecessary  to  con- 
centrate eluates  for  antibody  assays  (14), 
and  the  eluates  are  diluted  >  1 : 1 00  for  anti- 
body assay,  making  preliminary  adjustment 
of  pH  or  ionic  strength  unnecessary.  The 
use  of  highly  dilute  eluates  for  antibody 
detection  avoids  the  problems  of  nonspecific 
hemagglutinating  or  inhibitory  activity 
which  has  been  reported  in  other  studies 
(14). 

The  sharp  specificity  of  the  RIA  for  de- 
tecting viral  antibodies  in  brain  eluates  was 
clearly  illustrated  by  the  absence  of  reactiv- 
ity of  eluates  for  uninfected  brain  tissue  or 
from  brain  tissue  infected  with  a  different 
virus.  It  is  of  particular  interest  that  the 
eluates  from  the  SSPE  brain  which  had  high 
levels  of  measles-specific  activity  failed  to 
react  in  RIA  with  cells  infected  with  HSV. 
HSV-infected  cells  have  been  reported  to 
produce  IgG  receptors  (15)  similar  to  those 
produced  by  cells  infected  with  human  cy- 
tomegalovirus (16)  which  bind  nonantibody 
IgG.  While  IgG  receptors  on  CMV-infected 
cells  may  cause  some  nonspecific  binding  of 
IgG  in  FA  reactions  (16)  and  in  RIA  reac- 
tions (3),  we  have  seen  no  evidence  of  such 
nonspecific  reactivity  in  RIA  tests  with 
HSV,  either  in  previous  studies  (1 ,  2,  4)  or 
the  present  one. 

In  this  study  KI  was  found  to  elute  two 
to  ten  times  more  viral  antibody  from  brain 
tissue  than  was  dissociated  by  low  pH.  The 
combination  of  elution  with  chaotropic  ions 
and  a  sensitive  RIA  for  antibody  assays 
may  prove  useful  in  studies  aimed  at  identi- 
fying a  viral  etiology  of  certain  chronic 
neurological  infections  through  the  demon- 
stration of  specific  viral  antibody  in  eluates 
from  diseased  tissues. 

The  highly  purified  radiolabeled  antibod- 
ies specific  for  the  various  classes  of  human 
immunoglobulins  demonstrated  measles  vi- 
rus antibodies  only  of  the  IgG  class  in  SSPE 
brain  eluates.  This  is  in  accord  with  results 
obtained  by  Vandvik  et  al.  (17)  using  some- 
what different  approaches  to  characterize 
measles  virus  antibodies  in  cerebrospinal 
fluid  and  brain  extracts  from  SSPE  and 
multiple  sclerosis  patients. 

Summary.  A  solid  phase  radioimmunoas- 
say (RIA)  procedure  was  used  to  detect 
measles  virus  antigen  in  brain  tissue  of  ex- 


perimentally infected  hamsters  and  in  a  hu- 
man SSPE  brain.  RIA  was  also  used  to 
detect  measles  virus  antibody  in  eluates 
from  the  same  SSPE  brain.  The  antibody  in 
the  eluates  was  sharply  measles-specific, 
showing  no  reactivity  by  RIA  with  HSV- 
infected  cells.  Similarly,  antibody  eluted 
from  a  HSV-infected  human  brain  reacted 
only  with  the  infecting  virus.  KI  eluted  two 
to  ten  times  as  much  viral  antibody  from 
infected  brain  tissues  as  was  dissociated  by 
low  pH.  Radiolabeled  antibodies  to  human 
IgA,  IgG  and  IgM  which  had  been  purified 
and  concentrated  by  immunoadsorption 
with  purified  immunoglobulins  were  used 
in  the  RIA  system  to  study  the  classes  ol 
immunoglobulins  present  in  SSPE  brain 
eluates;  only  measles  antibody  of  the  IgG 
class  was  demonstrable . 
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Tiplex  virus  types  1  (HSV-1) 
2)  share  common  antigens  and 
specific  antigens  (1).  Much  of 
'  directed  against  HSV-2  also 
antigens  shared  with  HSV-1 
m  with  either  virus  type.  This 
)gic  diagnosis  of  HSV-2  infec- 
t  because  many  adults  have  had 
tions  before  becoming  infected 

(2).  We  were  able  to  detect 
^SV-l  and  HSV-2  using  a  solid 
nmunoassay  (RIA).  By  adsorp- 
liniature  affinity  columns  of 
/styrene  coated  with  HSV-1, 
le  antibody  directed  against 
jns  could  be  removed,  allowing 
intibody  to  HSV-2  type  specific 
UA. 

and  methods.  Tissue  culture, 
msisted  of  monkey  kidney 
Is  grown  in  basal  medium  Ea- 
%  fetal  calf  serum  (PCS),  glu- 
Af/ml)  and  neomycin  (20  /xg/ 
of  HSV-l  (Patton)  and  HSV-2 
indly  provided  by  Dr.  P.  Rapp. 
yers  in  32-ounce  prescription 

infected  with  vims  and  incu- 
>90%  of  all  cells  showed  cyto- 

(about  20  h).  Infected  cells 
twice  with  phosphate  buffered 
and  frozen  at  -70°. 
s.  Adsorbents  were  prepared 
polystyrene  test  tubes  (Palcon, 
ito  a  fine  powder  with  the  aid 
omnimixer.  This  powder  was 
PBS  and  approximately  40  ml 
placed  into  a  100  ml  beaker, 
m  three  32-ounce  bottles  of 
ted  cells  was  thawed,  sonicated 
/ith  20  ml  PBS.  This  was  mixed 
letic  stirrer  for  1   h  at  room 

The  adsorbent  was  poured 
iieve  (Cistron  Corp.,  Elmsford, 
vashed  with  100  ml  of  10% 
1  adsorbent  was  prepared  with 


10%  PCS  in  place  of  HSV-1.  Adsorbent 
(approximately  4  ml)  was  then  put  into 
small  disposable  columns  (Quik-Step  col- 
umns, Isolab,  Inc.,  Akron,  OH)  and  were 
ready  for  immediate  use.  In  experiments 
where  adsorption  was  utilized,  sera  were 
diluted  1:200  in  10%  PCS  in  PBS  and 
tumbled  overnight  at  4®  either  with  HSV-1 
coated  polystyrene  (referred  to  as  adsorbed 
sera)  or  with  PCS  coated  polystyrene  (re- 
ferred to  as  unadsorbed  sera). 

Serum  samples,  Porty-eight  coded  serum 
samples  from  women  with  different  histories 
of  herpetic  infection  were  obtained  for  anal- 
ysis. The  first  group  of  sera  was  collected 
from  eighteen  nuns  who  denied  ever  having 
sexual  intercourse.  A  second  group  was 
collected  from  eighteen  prostitutes,  all  of 
whom  admitted  to  having  multiple  sex  part- 
ners. The  third  group  of  sera  was  collected 
from  ten  asymptomatic  women  from  whom 
HSV-2  was  isolated  and  identified  during 
blind  screening  (3).  Also  included  in  these 
forty-eight  sera  were  one  serum  from  an 
individual  negative  for  HSV-1  and  HSV-2 
and  sera  from  two  individuals  infected  with 
HSV-2  confirmed  by  virus  isolation  from 
genital  lesions.  It  was  reasoned  that  the 
nuns  would  be  low  risk  for  HSV-2  infections 
and  the  prostitutes  would  be  at  high  risk  for 
HSV-2  infections,  although  virus  isolation 
data  was  not  available  on  these  two  groups. 
Two  uncoded  sera  were  selected  for  prelim- 
inary experiments  from  two  persons  who 
had  previous  infections  with  HSV-1  only  or 
HSV-2  only,  confirmed  by  virus  isolation. 

RIA  Procedures.  All  sera  were  diluted 
1:200  in  10%  PCS  in  PBS  and  tested  with 
HSV-1,  HSV-2,  and  VERO  antigens  as 
previously  described  (4).  Briefly,  plastic- 
coated  beads  were  coated  with  antigen  and 
reacted  overnight  with  patients'  sera.  Excess 
serum  was  washed  off  and  beads  were  re- 
acted 4  h  with  ^"I-labeled  antiglobulin, 
washed  and  the  radioactivity  on  the  beads 
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counted  in  a  a-counter.  All  washings  were 
carried  out  with  a  specially  designed  mag- 
netic transfer  device  capable  of  performing 
multiple  assays  simultaneously  (5).  The 
HSV-1  antigen  used  to  coat  beads  was  di- 
luted to  give  a  reaction  in  cpm  approxi- 
mately equal  to  the  reaction  with  HSV-2 
antigen  when  tested  with  pooled  serum  from 
patients  infected  with  HSV-1  followed  by 
HSV-2. 

^^Cr  release  test.  Antibodies  to  HSV-1 
and  HSV-2  infected  cells  were  quantitated 
using  the  release  of  *^  Cr  in  the  presence  of 
guinea  pig  complement  (6).  To  detect  type 
specific  antibodies  to  virus  infected  cells, 
the  sera  were  adsorbed  with  cells  infected 
with  the  heterologous  virus  type  (6). 

Results,  In  order  to  determine  the  effect 
of  serum  adsorption  with  HSV-1  coated 
polystyrene,  two  sera  were  tested.  The  first 
serum  was  obtained  from  a  person  infected 
with  HSV-1  only.  Before  adsorption  this 
serum  gave  a  reaction  of  about  2000  cpm 
higher  with  HSV-1  antigen  than  with  HSV- 
2  antigen  (Fig.  1).  Essentially  all  antibody 
to  HSV-1  type  specific  and  common  anti- 
gens were  removed  by  adsorption  as  indi- 
cated by  no  reaction  with  HSV-1  oi^  HSV-2 
antigens  following  adsorption.  A  second  se- 
rum from  an  individual  infected  with  HSV- 
2  only  was  also  tested.  This  serum  reacted 
approximately  4000  cpm  higher  with  HSV- 
2  antigen  than  with  HSV-1  antigen  before 
adsorption,  an  opposite  pattern  than  that 


HSV-tMly 


SpMifIc  cm  darnrad  by  •uftiractiiiQ  VCRO  control  veliMt  from 
HSV-l  and  HSV-2  valuoo      (  O  'HSV-I  .Q  -HSV-Z) 

Fig.  1.  Effect  of  serum  adsorption  with  HSV-1 
coated  polystyrene.  Specific  cpm  were  derived  by  sub- 
tracting VERO  control  values  from  HSV-1  and  HSV- 
2  values,  O O  =  HSV-l,  D D  =  HSV-2. 


observed  with  the  serum  from  the  indi\ 
infected  with  HSV-1  only.  FoUowin] 
sorption,  essentially  all  antibody  to  the 
mon  antigen  of  HSV-1  was  remove 
indicated  by  lack  of  detectable  reactior 
HSV-1  antigen.  Antibody  to  HSV-2  ar 
was  then  clearly  detectable  at  approxin 
2700  cpm  above  background. 

Serum  samples  from  forty-eight  w 
were  then  tested  under  code  for  ant 
to  HSV-1,  HSV-2  and  uninfected  V 
control  cell  antigens.  These  sera  wer 
tially  tested  without  adsorption  by 
Serum  reactivities  in  cpm  with  each  ai 
were  determined  and  ratios  were  calci 
by  dividing  cpm  obtained  with  HSV-2 
gen  by  cpm  obtained  with  HSV-1  ai 
(Table  I).  The  HSV-2/HSV-1  ratios  n 
from  -1.0  to  -f-4.6,  those  sera  with 
ratios  giving  higher  reactions  with  h 
than  with  HSV-2  antigen.  As  the  H 
HSV-1  ratio  becomes  larger,  serum  re 
ity  with  HSV-2  antigen  increases  relat 
the  reaction  with  HSV-1  antigen. 

A  plot  of  this  RIA  data  indicates  at 
two  populations  within  the  distribute 
HSV-2/HSV-1  ratios  (Fig.  2).  Those 
with  low  ratios  indicate  a  preponderai 
antibody  to  HSV-1  antigen  and  those 
higher  ratios  indicate  more  antibo< 
HSV-2  antigen.  An  intermediate  gro 
sera  between  the  two  populations  was  t 
by  serum  adsorption  in  an  attempt  i 
move  antibody  to  common  antigen; 
identify  those  women  with  antiboc 
HSV-2  type  specific  antigens. 

The  data  in  Table  II  show  the  H 
HSV-1  ratios  before  and  after  adsoi 
and  the  origin  of  the  serum  samples 
the  code  was  broken.  If  a  serum  g 
ratio  of  a  greater  than  or  equal  to  1 
was  considered  positive  for  antibo< 
HSV-2  type  specific  antigen.  The  r 
for  using  this  criterion  is  that  the  I- 
and  HSV-2  antigens  used  in  this  RIA 
diluted  to  give  approximately  equal 
tions  when  tested  with  pooled  sera 
individuals  infected  with  HSV-1  fol 
by  HSV-2.  Six  of  the  sera  tested  by  a< 
tion  converted  to  ratios  of  greater  thi 
after  adsorption;  demonstrating  the 
of  adsorption,  which  was  to  remove 
body  directed  against  the  shared  an 
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.E  I.  Radioimmunoassay  of 

Coded  Serum 

Samples 

q)ni  X  10» 

Cell 

HSV-l 

HSV-2 

control 

Ratio" 

T    antigen 

antigen 

antigen 

HSV-2/HSV-1 

1.0 

0.4 

0.7 

-1.0 

1.0 

0.6 

0.4 

0.3 

2.7 

1.2 

0.4 

0.4 

2.4 

1.1 

0.5 

0.4 

4.0 

1.9 

0.5 

0.4 

1.9 

1.1 

0.5 

0.4 

4.6 

2.4 

0.7 

0.4 

3.0 

1.7 

0.6 

0.5 

3.2 

1.8 

0.6 

0.5 

3.5 

1.9 

0.5 

0.5 

4.1 

2.2 

0.5 

0.5 

2.8 

1.7 

0.6 

0.5 

4.3 

2.4 

0.5 

0.5 

5.2 

3.1 

0.7 

0.5 

3.6 

2.2 

0.6 

0.5 

4.1 

2.3 

0.6 

0.6 

4.2 

2.6 

0.6 

0.6 

4.4 

2.8 

0.6 

0.6 

3.7 

2.4 

0.6 

0.6 

5.6 

3.6 

0.5 

0.6 

5.0 

3.4 

0.9 

0.6 

4.9 

3.3 

0.7 

0.6 

2.5 

1.7 

0.4 

0.6 

5.2 

3.5 

0.7 

0.6 

3.7 

2.5 

0.4 

0.6 

4.5 

3.1 

0.6 

0.6 

3.5 

2.3 

0.5 

0.6 

3.0 

2.2 

0.4 

0.7 

4.2 

3.1 

0.6 

0.7 

6.2 

4.6 

0.9 

0.7 

3.3 

2.7 

1.0 

0.7 

5.6 

4.6 

1.1 

0.8 

2.8 

2.3 

0.5 

0.8 

6.2 

5.1 

0.5 

0.8 

5.6 

4.6 

0.3 

0.8 

4.3 

3.7 

0.6 

0.8 

3.5 

3.0 

0.4 

0.8 

4.9 

4.3 

0.7 

0.9 

2.8 

2.5 

0.5 

0.9 

7.4 

6.7 

0.3 

0.9 

4.7 

4.8 

0.8 

1.0 

2.7 

2.9 

1.0 

1.1 

5.1 

7.3 

0.5 

1.5 

1.6 

2.1 

0.8 

1.6 

1.5 

2.3 

0.7 

2.0 

2.8 

4.6 

1.0 

2.0 

2.8 

5.3 

0.6 

2.1 

1.4 

3.9 

0.7 

4.6 

jans  HSV-2  counts  minus  VERO  counts  divided 
^-1  counts  minus  cell  control  counts. 


t  HSV-2  type  specific  antibody  could 

ected. 

*T  breaking  the  serum  code  it  was 

ed  that  serum  numbers  4-12  came 


from  asymptomatic  women  from  whom 
HSV-2  was  isolated  during  blind  screening. 
The  second  group  of  sera,  numbers  13-30, 
came  from  nuns  and  the  third  group  of 
sera,  numbers  31-48,  came  from  prosti- 
tutes. Also  included  were  one  seronegative 
control  (serum  number  1 )  and  two  seropo- 
sitive controls  (sera  numbers  2  and  3)  for 
HSV-2  confirmed  by  virus  isolation  and 
serum  neutralization.  It  was  reasoned  that 
the  nuns  would  be  at  low  risk  for  HSV-2 
infections  and  the  prostitutes  would  be  at 
high  risk  for  HSV-2  infections,  although 
virus  isolation  data  were  not  available  on 
these  two  groups. 

The  results  summarized  in  Table  III  indi- 
cate which  serum  samples  were  positive  for 
HSV-2  antibody  measured  by  RIA  and^'Cr 
release  methods.  All  sera  (except  #32) 
were  titered,  then  diluted  to  contain  5  units 
of  antibody,  adsorbed  with  HSV-l  infected 
cells  and  then  assayed  in  the  **Cr  release 
test  against  HSV-2  infected  cells.  Greater 
than  2%  specific  *'Cr  release  is  considered 
significant  (6)  for  the  presence  of  HSV-2 
antibody.  It  can  be  concluded  that  all  the 
nuns'  sera  were  negative  for  HSV-2  anti- 
body by  both  assays,  meaning  that  there 
were  no  false  positive.  Ten  of  eighteen 
prostitutes'  sera  were  positive  by  RIA  com- 
pared with  three  positives  out  of  seventeen 
prostitutes'  sera  tested  by  '^^Cr  release.  Of 
the  nine  asymptomatic  women,  three  were 
positive  by  RIA  and  two  were  positive  by 
**Cr  release.  This  group  of  asymptomatic 
women  would  contain  those  individuals 
likely  to  make  little  if  any  detectable  anti- 
body response  to  an  inapparent  HSV-2  in- 
fection for  reasons  in  the  discussion. 

A  comparison  of  RIA  and  '^^Cr  release 
assay  was  also  made  by  plotting  HSV-2/ 
HSV- 1  RIA  ratios  versus  II/I  cytotoxic  an- 
tibody indices  obtained  by**Cr  release  assay 
(Fig.  3).  The  nuns'  sera  gave  lower  ratios 
and  indices  than  did  the  prostitutes  and 
asymptomatic  women .  A  partial  correlation 
between  the  two  methods  appears  to  exist 
except  for  four  prostitutes'  sera  and  one 
serum  sample  from  an  asymptomatic 
woman,  all  of  which  had  high  HSV-2/HSV- 
1  RIA  ratios. 

Discussion.  It  has  been  reported  that  per- 
sons infected  with  HSV-l  or  HSV-2  alone 
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Fig.  2.  RIA  ratios,  HSV-2/HSV-1 ,  on  coded  serum  samples.  Each  X  represents  a  serum  sample.  Rl 
were  calculated  according  to  the  formula:  HSV-2  minus  VERO  -^  HSV-1  minus  VERO.  Values  (in  cp 
determined  by  RIA  with  each  of  the  forty-eight  sera  using  HSV-1 ,  HSV-2  and  VERO  antigens. 


TABLE  II.  Effect  of  Serum  Adsorption  wrrH 

HSV-1  Coated  Polystyrene.  Ratio  Means  HSV- 

2  cpM  Divided  by  HSV-1  cpm. 


Unadsorbed 


Absorbed 


Se- 
rum 
No. 


Group       Ratio 


Se- 
rum 
No. 


Group      Ratio 


47      prostitute       0.6 


44 

prostitute 

0.7 

18 

nun 

0.7 

42 

prostitute 

0.7 

38 

prostitute 

0.7 

46 

prostitute 

0.7 

33 

prostitute 

0.8 

40 

prostitute 

0.8 

11      asympto-       0.8 

matic 
9      asympto-       0.8 

matic 
43      prostitute      0.8 

8      asympto-  0.8 
matic 

22      nun  0.9 

6      asympto-  0.9 

matic 

10      asympto-  0.9 

matic 

31  prostitute  1.0 

32  prostitute  1.1 


1 0  asympto- 
matic 

44  prostitute 
6  asympto- 
matic 

22      nun 

42      prostitute 

18      nun 

47  prostitute 
9  asympto- 
matic 

33      prostitute 


0.6 

0.6 
0.7 

0.8 
0.8 
0.8 
0.8 
0.8 

0.9 


43      prostitute  1.1 

8      asympto-  1.1 

matic 

46      prostitute  1 . 1 

40      prostitute  1 .2 

1 1      asympto-  1 .2 

matic 

32      prostitute  1 .3 

38      prostitute  1 .5 

3 1       prostitute  2 .0 


produce  a  population  of  antibody  of  which 
approximately  80%  is  directed  against  the 
cross-reacting  or  common  antigen  shared 
by  the  two  viruses.  The  remainder  of  the 
antibody  (20%)  is  produced  against  type 
specific  antigens  (6).  Most  humans  become 
exposed  to  HSV-1  before  reaching  sexual 
maturity,  at  which  time  a  relatively  smaller 
percent  of  the  population  acquire  infection 
with  HSV-2.  If  a  person  has  antibody  to 
HSV-1  and  becomes  infected  with  HSV-2, 
the    antibody    production    shifts    to    90% 


against   shared  antigen   indicating 
amestic  response,   5-10%   against 
specific  antigens  and  a  minimal  resp< 
HSV-2   specific  antigens  as  measu 
complement   dependent    lysis   of   ii 
cells.    A    possible    explanation    for 
asymptomatic  women   positive  by 
virus  isolation  and  negative  by  Rli^ 
be   that  high  levels  of  preexisting 
neutralizing  antibody  to  the  commc 
gen  obtained  from  an  earlier  infectic 
HSV-1    prohibits   these   women   fn 
sponding  to  the  HSV-2  type  specif 
gens  upon  infection  with  this  virus. 

In  conclusion,  the  advantages  of  tl 
for  serological  detection  of  past  HS 
fection  include  its  simplicity  and  ap[ 
ity  to  testing  a  large  number  of  seru 
pies  rapidly  at  low  cost  without  the 
purified  antigen.  By  using  HSV-1 
polystyrene  adsorbents  in  miniature 
columns,  antibody  to  the  shared  anti 
HSV-1  and  HSV-2  could  be  re 
These  procedures  enhance  detectior 
tibody  to  HSV-2  type  specific  antig 
lowing  a  better  assessment  of  the  h 
response  to  infection  with  HSV-1  am 
2.  Finally,  this  technique  is  an  ec 


TABLE  III. 


HSV-2  Antibody  in  Coded 
Samples. 


HSV-2  Anlib 

»'Crl 

Serum 

Ria  Posi-         Po 

No. 

Source 

tive/Total           1 

4-12 

Asymptomatics 
with     HSV-2 
Isolation 

3/9 

13-30 

Nuns 

0/18               ( 

31-48 

Prostitutes 

10/18 

"  Sera  diluted  to  contain  5  units  of  antib 
sorbed  with  HSV-1  infected  cells  and  then 
the  ^'Cr  release  assay  (6). 
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no- 
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•     • 

• 

0 

3        0.4         0  5 

06 

07         OB         09 

10          II 

12 

HSV-2/HSV-I  RIA  RATIO 

.  Comparison  of  RIA  and**Cr  release  assay.  HSV-2/HSV-1  RIA  ratios  were  determined  by  dividing 
ictivity  in  cpm  with  HSV-2  antigen  by  serum  reactivity  with  HSV-1  antigen.  II/I  cytotoxic  antibody 
ere  calculated  accordingly  =  II/I  index  =  titer  (HSV-2)  log,o/titer  (HSV-1)  log,©  x  100.  Titers  were 
5dby»»Cr  release  (6). 


ive  to  the  use  of  a  highly  purified 
eciflc  antigen  recently  reported  by 
al.  (7). 
mry.  Antibody  against  herpes  virus 

(HSV-1)  and  2  (HSV-2)  was  de- 
n  a  coded  test  of  forty-eight  coded 
sera  by  radioimmunoassay  (RIA). 
iy  to  antigens  shared  between  the 
IS  types  could  be  removed  by  adsorp- 
h  HSV-1  coated  polystyrene  allow- 
2ction  of  HSV-2  specific  antibody. 
J  positives  were  observed  in  eighteen 

at  low  risk  for  HSV-2  infection, 
specific  antibody  was  detected  in 
eighteen  women  who  were  at  high 
HSV-2  infection.  Antibody  to  HSV- 
jtected  in  three  of  ten  asymptomatic 

Biological  variation  in  response  to 


HSV-2  could  provide  an  explanation  for 
those  asymptomatic  women  who  were  posi- 
tive by  virus  isolation,  but  negative  for 
HSV-2  type  specific  antibody  by  RIA. 
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Certain  strains  of  rodents  become  fatter 
when  fed  high-fat  rather  than  high-carbo- 
hydrate diets  while  other  strains  are  able  to 
consume  a  high-fat  diet  without  an  apprecia- 
ble increase  in  body  fat  content  (1-4).  The 
obesity  prone  rodents  are  less  able  to  regu- 
late their  food  intake  when  fed  a  high-fat 
diet;  additionally,  consumption  of  a  high- 
fat  diet  has  also  been  shown  to  increase  the 
efficiency  of  energy  utilization  in  pair-fed 
rodents  (5,  6).  Less  attention  has  focused 
on  the  interrelationship  of  the  dietary  fat  to 
carbohydrate  ratio  and  the  development  of 
obesity  in  other  species. 

The  influence  of  the  dietary  fat  to  carbo- 
hydrate ratio  on  body  weight  and  body  fat 
has  been  studied  in  young  growing  dogs 
(7).  The  fat- free  body  weight  gain  was  not 
influenced,  but  accumulation  of  body  fat 
tended  to  be  elevated  in  dogs  fed  high-fat 
diets.  Body  fat  averaged  29%  of  body 
weight  in  the  young  dogs  fed  diets  with 
more  than  50%  of  energy  from  fat  while 
the  body  fat  content  averaged  23%  in  dogs 
fed  the  diets  which  contained  less  than  50% 
of  energy  from  fat.  The  dogs  were  only  10- 
months-old  at  the  end  of  the  8-month  study; 
had  the  diets  been  fed  to  adult  dogs,  body 
fat  content  might  have  been  altered  to  a 
greater  extent. 

The  purpose  of  the  present  study  was  to 
examine  the  influence  of  a  high-fat  diet 
(51%  of  energy  from  fat)  and  a  high-carbo- 
hydrate diet  (59%  of  energy  from  carbohy- 
drate) on  food  intake  and  on  body  weight 
and  body  fat  changes  in  adult  dogs.  Dogs 
were  fed  these  diets  for  25  weeks. 

Materials  and  methods.  Three-year  old 
female  beagle  dogs^  were  housed  in  individ- 

'  Supported  in  part  by  the  General  Foods  Corpora- 
tion, by  NIH  AM  15847  and  by  a  Research  Career 
Development  Award  NIH  AM  00112  to  DRR.  Michi- 
gan Agricultural  Experiment  Station  Journal  Article 
No.  8217. 

*  Laboratory  Research  Enterprises.  Inc.,  Kalama- 
zoo, MI. 


ual  cages  with  raised  floors.  Lights  in 
temperature-controlled  (22-23°)  room ' 
on  from  7  am  to  7  pm  and  off  from  7  p 
7  AM.  Prior  to  the  present  study  the 
were  fed  approximately  750  kcal  daih 
110  days.  The  composition  of  this  nutri 
ally  adequate  (8)  canned  diet  has  I 
described  previously  (Table  I,  Diet 
Ref.  7).  The  dogs  approximately  n 
tained  their  weight  during  this  110-da} 
riod.  Food  and  water  were  offered  ad 
during  the  present  study.  Dogs  were 
once  daily.  Body  weights  were  reco 
weekly. 

Two  semipurified  diets  were  prep? 
one  diet  was  high-fat  and  the  other  I 
carbohydrate.  Each  diet  was  formulate 
contain  20%  of  energy  from  protein, 
proximately  50%  of  the  protein  in  the 
were  derived  from  isolated  soybean  pr< 
and  50%  from  beef  kidneys.  Com  oil 
of  energy)  was  added  to  provide  a  sour 
essential  fatty  acids.  Com  starch  and  U 
were  added  to  provide  the  desired  carb 
drate  to  fat  ratio.  A  mineral  and  vit 
supplement^  and  cellulose  (6%  of  dry 
ter)  were  added  to  each  diet.  The 
were  canned. 

At  monthly  intervals  samples  of  each 
were  obtained  and  analyzed  for  moii 
by  drying  to  a  constant  weight  at  50® 
gross  energy  with  a  bomb  calorimeter 
for  nitrogen  by  the  Kjeldahl  proced 
Protein  was  determined  by  multiplying 

^  Vitamin  premix  was  added  at  the  level  of  55 
kg  diet.  The  vitamin  premix  contained  per  g:  vi 
A-5344  lU;  vitamin  D,  =  132  lU;  vitamin  E-2 
vitamin  Biz-5.8  mg;  thiamin-741  mg;  riboflavin 
mg;  pyridoxine-88  mg  and  choline  chloride-253  i 
mineral  premix  was  added  at  the  level  of  465  n 
kg  diet.  The  mineral  premix  contained  in  mg  ] 
potassium  chloride-933;  magnesium  oxide-43;  c 
sulfate- 10;  cobalt  sulfate-9;  potassium  iodate-i 
manganese  sulfate-2.  Additionally,  dicalcium 
phate,  iodized  salt  and  potassium  chloride  were 
at  the  levels  of  1 .4,  1 .0  and  0.36%  of  the  diet. 
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LE  I.  Composition  and  DicEsriBiLnY  of 
Diets  Fed  to  Adult  Dogs. 


Diet 

1 

2 

er,  g/g  diet 

25.4 

25.4 

lergy,  kcal/g 

1.43 

1.16 

digestibility. 

85.7  ±  0.4 

-       89.5  ±  0.6* 

zable        en- 

,%^ 

1 

20 

18 

51 

23 

liydrate 

29 

59 

in  ±  SEM  for  7  dogs. 

ificantly  different  from  values  obtained  when 

e  fed  diet  1  (P  <  0.05). 

Materials  and  Methods  for  method  of  calcula- 


n  content  of  the  diet  by  6.25.  The 
age  of  metabolizable  energy  from 
,  fat  and  carbohydrate  in  each  diet 
len    determined    as   previously   de- 

(7). 

body  water  content  of  each  dog  was 
ined  at  the  start  and  again  at  the  end 
;tudy.  Each  dog  was  fasted  overnight 
m  injected  intravenously  with  2  ml 
e  containing  50  fiCi  ^HgO.  A  blood 
was  obtained  3  h  later  and  the 
activity  of  the  plasma  was  deter- 
The  body  water  content  and  fat-free 
lass  were  then  calculated  as  previ- 
escribed  (7).  Body  fat  content  was 
:ed  by  subtracting  the  fat-free  mass 
e  body  weight  of  the  dog. 
apparent  digestible  energy  value  of 
et  was  determined  during  the  20th 
>{  the  study.  Total  fecal  collections 
ich  dog  were  continued  for  5  days, 
/ere  dried  at  50°.  A  bomb  calorime- 
then  utilized  to  determine  total  fecal 
The  difference  between  the  gross 
intake  and  the  fecal  energy  output 
the  5  day  period  represented  the 
It  energy  digestibility  of  the  diets. 
data  were  treated  statistically  by  the 
's/ test. 

!ts  and  Discussion.  The  composition 
lergy  digestibility  of  the  diets  are 
ed  in  Table  I.  Both  diets  contained 
ry  matter.  The  gross  energy  content 
1 ,  the  high-fat  diet,  was  23%  higher 
iet   2,   the  high-carbohydrate  diet. 


Digestibility  of  energy  in  the  high-carbohy- 
drate diet  was  4%  greater  than  observed 
when  the  high- fat  diet  was  fed.  This  differ- 
ence in  digestibility  was  unexpected.  In  a 
previous  study  with  growing  dogs  a  high- 
carbohydrate  diet  of  similar  composition  to 
diet  2  exhibited  slightly  lower  digestibility 
than  did  diets  higher  in  fat  (7).  Differences 
in  energy  intake  may  influence  digestible 
energy  values;  however,  dogs  in  both  groups 
consumed  similar  amounts  of  food  during 
the  digestion  trial.  Gross  energy  intake  of 
diet  1  and  2  averaged  4185  ±  271  and 
4506  ±  157  kcal,  respectively,  for  the  5- 
day  period.  Based  on  the  analyzed  compo- 
sition, diet  1  was  slightly  higher  in  protein 
than  was  diet  2.  Dogs  fed  diet  2  consumed 
an  adequate  quantity  of  protein  (40  g  per 
day),  thus  it  is  unlikely  that  the  small  differ- 
ence in  protein  content  of  the  diets  influ- 
enced the  results. 

The  dogs  had  been  fed  a  restricted 
amount  of  food  prior  to  this  study;  conse- 
quently, food  intake  was  high  during  the 
first  several  weeks  of  the  study  (Fig.  1). 
Dogs  fed  the  high-fat  diet  consumed  more 
energy  than  did  dogs  fed  the  high-carbohy- 
drate diet  during  this  period;  however,  the 
differences  were  not  significant.  After  ap- 
proximately 6  weeks,  energy  intake  stabi- 
lized and  remained  rather  constant  during 
the  remainder  of  the  study.  The  average 
daily  energy  intake  of  the  dogs  during  the 
first  12  weeks  and  during  the  last  13  weeks 
of  the  study  is  presented  in  Table  II.  None 
of  the  differences  in  energy  intake  were 
statistically  significant. 

Body  weight  changes  of  the  dogs  are 
presented  in  Fig.  1.  Both  groups  of  dogs 
increased  their  body  weights  during  the 
study;  but  by  10  weeks  the  increase  in  body 
weight  of  dogs  fed  the  high-fat  diet  was 
significantly  greater  than  observed  when  the 
high-carbohydrate  diet  was  fed.  The  in- 
crease in  body  weight  of  dogs  fed  the  high- 
fat  diet  during  the  first  1 2  weeks  was  twice 
the  increase  observed  when  the  high-carbo- 
hydrate diet  was  fed  (Table  II).  During  the 
last  half  of  the  study  the  rate  of  body  weight 
gain  decreased  in  both  groups  of  dogs,  but 
dogs  fed  the  high-fat  diet  still  gained  more 
than  did  dogs  fed  the  high-carbohydrate 
diet.  This  greater  body  weight  gain  in  dogs 
fed  the  high-fat  diet  occurred  even  though 
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Fig.  1 .  Influence  of  diet  composition  on  daily  food 
intake  and  body  weight  changes  of  adult  dogs.  Each 
point  represents  the  mean  ±  SEM  for  seven  dogs.  • 
indicates  significant  differences  {P  <  0.05). 


TABLE  II.  Influence  of  Diet  Composition  on 

Food  Intake,  Body  Weight  and  Body  Fat  of 

Adult  Dogs." 


Diet 

Parameter 

1 

2 

Initial  body  wt,  kg 
Initial  body  fat,  kg 
Food    intake,    kcal 

10.26  ±  0.43 
2.98  ±  0.50 

10.22  ±  0.33 
3.10  ±  0.36 

digestible     en- 
ergy/day 
Weeks  0-12 

1038  ±  59 

841  ±  66 

Weeks  13-25 

855  ±  42 

832  ±  41 

Body  weight  gain, 
kg 
Weeks  0-12 

2.75  ±  0.24 

1.25  ±0.45* 

Weeks  13-25 

0.74  ±  0.12 

0.36  ±  0.08* 

Body  fat  gain,  kg 

2.78  ±  0.44 

1.26  ±  0.41* 

°  Results  expressed  as  Mean  ±  SEM  for  seven 
dogs. 

*  Significantly  different  from  values  obtained  when 
dogs  were  fed  diet  I  {P  <  0.05). 


energy  intake  of  the  two  groups  of  dogs  dur- 
ing the  last  half  of  the  study  was  virtually 
identical  (Table  II).  Dogs  fed  the  high-fat 
diet  consumed  less  than  3%  more  energy 
than  did  dogs  fed  the  high-carbohydrate  diet 
during  this  period.  Body  fat  gain  averaged 
78-80%  of  body  weight  gain  (Table  II). 
This  observation  indicates  that  the  increase 
in  body  weight  observed  in  these  adult  dogs 
could  be  accounted  for  by  gain  in  adipose 


tissue  as  adipose  tissue  from  mature  animals 
contains  approximately  85%  fat  (9). 

Dogs  fed  the  high-fat  diet  consumed  only 
13%  more  energy  during  the  study,  but 
gained  117%  more  energy  (assumed  that 
the  body  weight  gain  was  adipose  tissue 
and  that  the  adipose  tissue  contained  7700 
kcal/kg).  Dogs  fed  the  high-fat  diet  retained 
approximately  16%  of  the  digestible  energy 
consumed,  whereas  dogs  fed  the  high-car- 
bohydrate diet  retained  only  8%  of  the 
digestible  energy  consumed.  These  results 
agree  with  the  suggestion  that  the  energy 
cost  of  fat  deposition  is  greater  when  high- 
carbohydrate  diets  are  fed  than  when  high- 
fat  diets  are  fed  (5,  6,  10).  However,  as 
discussed  in  the  next  paragraph,  an  alterna- 
tive explanation  of  the  results  is  also  plausi- 
ble. 

The  metabolizable  energy  requirement 
of  these  adult,  relatively  inactive,  dogs  was 
estimated  to  average  840  kcal  per  dog  per 
day  (8).  This  value  closely  approximates 
the  actual  energy  intake  of  the  dogs  (Table 
II).  Consequently,  even  when  the  dogs  were 
in  positive  energy  balance,  only  a  small 
fraction  of  the  energy  consumed  by  the 
dogs  would  be  available  for  body  fat  gain. 
This  small  increment  in  daily  energy  intake, 
which  might  be  practically  nonmeasurable, 
could  if  allowed  to  accumulate  for  months, 
result  in  significant  increases  in  body  fat. 
The  difference  in  energy  intake  between 
dogs  fed  diet  1  and  diet  2  during  the  first 
12  weeks  averaged  197  kcal  per  day;  during 
the  last  13  weeks  the  difference  was  23  kcal 
per  day.  If  it  is  assumed  that  this  additional 
energy  consumed  by  the  dogs  fed  the  high- 
fat  diet  was  deposited  as  adipose  tissue 
(assume  7700  kcal/kg  adipose  tissue),  then 
it  would  be  possible  to  explain  the  entire 
difference  in  weight  gain  of  the  dogs  on  the 
basis  of  the  small  nonstatistically  significant 
difference  in  food  intake.  The  increased 
energy  intake  of  the  dogs  fed  the  high-fat 
diet,  if  deposited  as  adipose  tissue,  would 
account  for  2.42  kg  adipose  tissue  gain. 
The  observed  difference  in  gain  was  1.88 
kg,  suggesting  that  the  increased  energy 
intake  in  dogs  fed  the  high-fat  diet  was 
utilized  for  adipose  tissue  gain  with  an  effi- 
ciency of  78%. 

It  would  be  necessary  to  pair-feed  the 
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to  determine  whether  the  increased 
^position  observed  in  the  dogs  fed  the 
-fat  diet  resulted  from  an  increased  ef- 
[icy  of  energy  utilization  or  from  the 
1  difference  in  energy  intake.  Possibly 

factors  contributed  to  the  results  ob- 
;d  in  the  present  study. 
immary.  Adult  female  dogs  were  fed 
ibitum  for  25  weeks  a  high-fat  diet 
&  of  energy  from  fat)  or  a  high-carbo- 
ate  diet  (59%  of  energy  from  carbohy- 
;).  Dogs  fed  the  high-fat  diet  gained 
s  body  weight  than  did  dogs  fed  the 
-carbohydrate  diet.  In  both  groups  of 
.  78-80%  of  the  increase  in  body  weight 
fat.  The  high-fat  diet  may  have  been 
ced  more  efficiently  for  body  fat  gain 

the  high-carbohydrate  diet;  altema- 
y,  it  is  possible  to  explain  the  increased 
f  fat  accumulation  in  dogs  fed  the  high- 
liet  on  the  basis  of  the  small  observed 
rence  in  energy  intake.  Dogs  fed  the 
-fat  diet  consumed  slightly  more  energy 
i)  which  resulted  in  the  accumulation 
lore  than  twice  the  amount  of  fat  accu- 
ited  in  dogs  fed  the  high-carbohydrate 
during  the  25  week  study. 
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Urea  passes  through  all  the  membranes 
of  mammalian  organs  without  any  apparent 
resistance  and  the  /j  for  the  entry  of  urea 
into  the  human  red  blood  cells  (RBC)  from 
an  isosmolar  solution  is  0.053  sec  at  21° 
(1).  In  spite  of  this  rapid  transfer  of  urea  a 
substantial  variation  between  plasma  urea 
and  cell  urea  concentrations  under  physio- 
logical conditions  had  been  reported  (2-5). 
This  concentration  difference  was  postu- 
lated as  due  to  the  existence  of  urea  in 
various  states.  However  no  attempts  were 
made  to  distinguish  between  the  freely  ex- 
changeable urea  and  any  relatively  bound 
urea.  Model  dialysis  experiments  (6,  7)  sug- 
gest that  the  clearance  rate  of  urea  from 
plasma  may  not  be  the  same  as  that  from 
RBC.  Using  isotopic  techniques  we  have 
studied  the  in  vitro  kinetics  of  urea  distribu- 
tion between  these  two  blood  compartments 
and  the  in  vivo  fractional  turnover  rates  of 
labeled  urea.  There  is  no  concentration  dif- 
ference in  the  exchangeable  (free)  urea  con- 
tent between  the  cell  water  and  plasma 
water.  The  difference  found  between  cell 
urea  and  plasma  urea  sp  act  in  all  our  ['*N] 
experiments  suggest  the  existence  of  more 
bound  urea  in  cells  than  in  plasma. 

Materials  and  methods,  (a)  In  vivo  study. 
Healthy  normal  volunteers,  with  their  writ- 
ten consent,  were  admitted  to  the  Surgical 
Metabolism  Unit  of  Columbia-Presbyterian 
Medical  Center  and  placed  on  a  metabolic 
balance  program  for  two  days.  They  were 
provided    with    regular    diet    containing 

'  This  work  was  supported  in  part  by  the  National 
Institute  of  General  Medical  Sciences  Grant  No.  GM- 
14546-09  and  U.S.  Army  Medical  Research  and  De- 
velopment Command,  Contract  No.  DA-49-193-MD- 
2552. 

^  To  whom  reprint  requests  should  be  sent. 

'  Present  address:  Dr.  C.  L.  Long,  Department  of 
Surgery,  Medical  College  of  Ohio,  Toledo,  Ohio 
43614. 


enough  nitrogen  to  maintain  balance.  On 
the  third  day,  100  mg  of  pyrogen  free  urea 
(98  atom  %  [**N])  in  15  ml  normal  saline 
was  injected  intravenously.  Just  prior  to  the 
injection  a  control  sample  of  venous  blood 
was  taken.  After  dose  injection  blood  sam- 
ples (10-15  ml)  were  withdrawn  in  heparin- 
ized  syringes  at  10,  30,  60,  90,  120,  180, 
210, 300, 360, 420, 480, 540, and  660  min 
and  immediately  centrifuged  to  separate  the 
plasma  from  the  cells.  In  one  subject  (MS), 
two  days  after  this  study  of  the  distribution 
of  the  injected  [^*N]urea  between  RBC  and 
plasma  (MS-1),  when  the  level  of  the  la- 
beled urea  attained  almost  the  base  value, 
[*"^N]-L-alanine  was  injected  and  the  sp  act 
of  the  endogenously  produced  ['*N]  urea  in 
RBC  and  plasma  were  determined  (MS-2). 
The  RBC  and  plasma  fractions  were  di- 
luted with  deionized  water  and  deproteinized 
by  the  Somogyi  procedure  using  Ba(OH)2 
and  ZnS04.  After  centrifugation,  the  super- 
natant fractions  were  shaken  for  15  min 
with  2  ml  of  permutite  to  remove  the  ammo- 
nia of  the  blood  and  then  treated  in  dupli- 
cate with  urease  in  a  Conway  micro  diffu- 
sion system.  One  milliliter  of  saturated 
K2CO3  was  added  to  liberate  ammonia 
which  was  then  trapped  on  a  filter  paper 
strip  (7.0  X  0.3  cm)  moistened  with  a  few 
drops  of  1  N  H2SO4.  Sufficient  time  (about 
8  hr)  was  allowed  for  the  diffusion  of  am- 
monia. The  paper  strip  was  then  removed 
and  treated  with  sodium  hypobromite  in  a 
micro  Rittenberg  gas  tube.  The  liberated 
nitrogen  gas  was  analyzed  for  its  isotopic 
content  in  a  60**  mass  spectrometer  which  is 
capable  of  giving  a  precision  of  about  five 
parts  per  100,000.  This  procedure  of  trap- 
ping ammonia  in  a  filter  paper  and  using  a 
micro  Rittenberg  tube  minimizes  any  air 
contamination  and  provides  maximum  re- 
sponse for  the  peak  heights  of  masses  28, 
29  and   32.  The  replicate  measurements 
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igree  within  0.5%.  Reference  nitro- 
i  (0.365±0.002  [»*N]atom  %)  was 
d  at  regular  intervals  to  check  the 
of  the  instrument.  Atoms  %  excess 
nermined  by  subtracting  values  for 
>  [^'^N]  in  control  samples  taken  prior 
injection.  In  some  samples  of  JL-1 
-2,  the  [**N]  atom  %  excess  in  the 
blood  was  also  measured  to  check 
ope  distribution  by  material  balance. 
n  vitro  study.  Twenty  milliliter  of 
drawn  heparinized  normal  venous 
/as  kept  in  a  water  bath  at  37 ±0.2° 
Ted  slowly  with  a  magnetic  stirrer. 
1  to  2  mg  of  Y^C]  urea  (sp  act  0.27 
;)  was  dissolved  in  0.1  ml  saline  and 
y  mixed  with  the  blood.  The  osmo- 
hange  due  to  the  addition  of  this 
olume  of  tracer  solution  should  be 
leant  and  any  change  in  the  hemato- 
y  be  considered  negligible.  Using 
bumin  as  a  marker  we  have  found 
most  complete  separation  of  the 
and  cells  was  possible  by  spinning 
y  hematocrit  tubes  (75  mm  x  1.5 
.)  filled  with  blood  in  a  micro  centri- 
itemational  Micro-Capillary  Centri- 
odel  MB).  Samples  were  withdrawn 
.  15,  45,  60,  90,  120  and  180  min 
s  in  hematocrit  tubes  of  uniform 
s  end  of  which  were  then  sealed  and 
r  three  min.  After  cutting  with  a  file 
:arding  the  interface,  known  lengths 
aitocrit  tubes  containing  plasma  and 
;ments  were  collected  separately, 
ere  then  crushed  and  deproteinized 
ng  with  2  ml  deionized  water,  1  ml 
Ba(OH)2  and  1  ml  0.3  N  ZnS04 
yi  procedure).  After  centrifugation, 
ir  supernatant  was  filtered  and  a  0.5 
licate  of  the  filtrate  was  mixed  with 
Bray's  solution  and  counted  in  a 
cintillation  counter  (Model  Mark  II, 
•  Chicago  Corp.,  Des  Plaines,  111), 
iples  were  counted  for  at  least  lO'* 
Internal  standards  were  used  for 
cry  calculations.  The  recovery  of 
ea  during  the  Somogyi  precipitation 
rells  or  plasma  and  any  dragging  of 
rea  by  the  proteins  was  checked 
dently  by  deproteinizing  the  cells  or 
each  containing  equal  amounts  of 
ea  and  then  counting  as  described 


before.  No  differences  were  found  between 
the  control  (583±10  dpm)  and  the  plasma 
(579±15  dpm)  or  cell  samples  (590±17 
dpm),  confirming  the  same  recovery  from 
deproteinizing  cells  and  plasma  as  well  as 
the  absence  of  any  drag  of  f^C]  of  urea  by 
the  proteins. 

Similar  in  vitro  experiments  were  done 
with  [**N]  urea,  and  the  sp  act  (**N  atom  % 
excess)  in  the  separated  cells  and  plasma 
were  determined  as  described  before  in  the 
in  vivo  study. 

We  have  also  measured  the  efflux  of  the 
labeled  urea  from  the  cells  into  the  sur- 
rounding medium  of  plasma.  A  25  ml  por- 
tion of  the  fresh  blood  (PUN  =  11 .0  mg%, 
Hct  =  30.1)  was  centrifuged  for  20  min 
and  the  plasma  was  separated  from  the 
cells.  One  portion  of  the  plasma  was  used 
to  reconstitute  the  blood  and  the  rest  was 
analyzed  for  its  water  content.  Another  25 
ml  original  blood  was  equilibrated  at  37° 
for  3  hr  with  about  1  mg  of  [^'•C]  urea 
dissolved  in  0.1  ml  normal  saline.  The  la- 
beled cells  were  then  separated  by  centrifu- 
gation and  mixed  with  sufficient  original 
nonradioactive  plasma  to  reconstitute 
blood.  The  efflux  of  [*^C]  urea  from  the 
cells  of  this  reconstituted  blood  was  then 
determined  as  described  before  for  the  in- 
flux experiments. 

The  water  content  of  the  cells  and  plasma 
in  all  the  samples  was  measured  in  duplicate 
by  drying  the  diluted  samples  under  vacuum 
at  70°  to  constant  weight.  The  specific  grav- 
ities of  blood  and  plasma  were  also  mea- 
sured. The  volume  percent  of  water  in  cells 
(range  69.5-71.3)  and  plasma  (range  92.5- 
93.7)  corresponds  to  a  water  distribution 
ratio  of  1.25-1.30  between  equal  volumes 
of  plasma  and  cells  with  a  mean  (±SEM) 
value  of  1.288±0.007. 

Results,  The  time  course  of  the  disappear- 
ance of  the  injected  urea  from  plasma  and 
cells  for  a  typical  subject  (BW)  is  illustrated 
in  Fig.  1 .  The  sp  act  of  the  plasma  urea  was 
consistently  higher  than  that  of  the  cell 
urea.  Both  the  plasma  and  cell  urea  curves 
followed  a  two  exponential  decay.  The 
slopes  of  the  plasma  and  cell  curves  on  a 
semilog  scale  are  not  parallel  to  each  other 
but  tend  to  converge  during  the  initial  pe- 
riod of  about  3  hr  and  then  diverge  for  all 


284 


DISTRIBUTION    OF    UREA    IN    HUMAN    BLOOD 


the  subjects  studied.  These  differences  are 
significant  (P  <  0.01)  when  examined  by 
paired  /  tests.  By  least  squares  method  the 
logarithm  of  sp  act  was  regressed  with  time 
and  the  calculated  slopes  which  are  the 
fractional  turnover  rates  of  urea  from 
plasma  or  cells  are  summarized  in  Table  I. 
The  sp  act  ratio  between  plasma  and  cells 
(P/C)  was  always  found  to  be  greater  than 
one.  There  was  a  rather  slow  change  in  the 
P/C  ratio  during  the  study  (Table  I)  and  its 
range  was  about  ±4%  of  the  mean.  The 
whole  blood  urea  sp  act  measured  in  some 
of  the  samples  from  JL-1  and  JL-2  were 


O  200  400  6CX)  BOO 

MINUTES    AFTER    INJECTION 

Fig.  1.  Isotope  concentration  of  plasma  (O)  and 
RBC  (x)  urea  following  intravenous  injection  of 
P^N]urea  in  subject  BW. 


found  to  be  lower  than  that  of  correspond- 
ing plasmas  but  higher  than  that  of  cells 
and  the  relative  sp  act  in  blood,  plasma  and 
RBC  was  1.00:1.06:0.92. 

In  the  in  vitro  experiments  the  addition 
of  a  tracer  will  have  negligible  effect  on  the 
membrane  hydraulic  conductivity  or  on  the 
solvent  flow  through  the  membrane  (8). 
Under  these  experimental  conditions,  the 
predominating  factor  is  the  diffusional  flow 
of  urea.  Figure  2  shows  the  distribution 
ratio  (Mean±SEM)  of  the  radioactive  [^Kl] 
between  equal  volumes  of  plasma  and  cells 
as  a  function  of  time  in  influx  («=4)  and 
efflux  in=4)  in  vitro  studies.  The  diffu- 
sion of  urea  into  the  cell  or  out  of  the  cell 


50  100 

MINUTES 

Fig.  2.  The  trend  of  change  in  the  ratio  of  the 
tracer  concentration  (Mean±SEM)  between  Plasma 
(P)  and  RBC  (C)  with  time  (min)  in  in  vitro  studies: 
A:  ['*C]urea,  influx:  n  =  4.  B:  ['*C]urea,  efflux:  n  = 
2.  C:  [»=*N]urea,  influx:  n  =  4. 


TABLE  I.  Turnover  Rates  of  Urea"  from  Puvsma  (TRP)  and  Red  Blood  Cells  (TRC)  and  the 

Range  of  (P/C)*  Ratios. 


Sex 
M 

First  (10-180  min) 

Second  (180-570 

min) 

Subject 

TRP 

37.1  (0.82)' 

TRC 

32.4(0.78) 

P/C  Range 

TRP 

TRC 

P/C  Range 

JL-1 

1.170-1.087 

JL-2 

M 

80.2  (0.93) 

78.1  (0.93) 

1.191-1.167 

GR 

M 

18.9(0.96) 

1 1 .8  (0.93) 

1.259-1.187 

MS-1 

M 

28.4(0.93) 

26.5(0.91) 

1.106-1.080 

12.1  (0.97) 

14.2(0.92) 

1.080-1. 120 

MS-2 

M 

64.2  (0.99) 

50.4  (0.96) 

1.176-1.073 

13.9(0.99) 

14.1  (0.94) 

1.073-1.110 

KK 

F 

25.9(0.98) 

25.7(0.99) 

1.154-1.138 

18.8(0.99) 

19.3(0.99) 

1.138-1.170 

BW 

F 

38.8  (0.95) 

31.6(0.90) 

1.192-1.142 

18.5(0.98) 

20.9  (0.96) 

1.142-1.171 

Mean 

42.0 

36.7 

15.8 

17.1 

±SEM 

8.4 

8.1 

1.2 

3.5 

P 

<0.005 

<0.005 

<0.001 

<0.005 

"  The  turnover  rates  (fraction/min)  x  10^  are  the  slopes  obtained  by  the  linear  regression  analysis  of  the 
logarithm  of  ('-^Nlatom  %  excess  with  time. 

*  The  range  of  the  ratio  of  |'*N]atom  %  excess  between  Plasma  (P)  and  RBC  (C)  are  included  to  show  the 
trend  during  that  interval. 

'  The  numbers  in  brackets  indicate  the  correlation  coefficient  (-r)  obtained  in  fitting  the  experimental  dau 
by  regression  analysis. 


DISTRIBUTION    OF   UREA    IN    HUMAN    BLOOD 


285 


fast  and  the  steady  state  due  to 
usional  flow  would  have  been 
even  in  the  1  min  sample.  The 
nt  data  represented  mostly  the  ki- 
the  urea  in  a  different  state.  A 
decrease  (-0.00021 /min)  in  P/C 
the  influx  experiments  and  an  in- 
-0.000 13/min)  in  the  efflux  experi- 
ith  time  were  seen.  Figure  2  also 
s  the  change  in  the  P/C  ratio  from 
itro  influx  experiments  {n  =4).  It 
emphasized  that  no  isotope  effects 
ved  in  these  studies.  The  measure- 
radioactivity  in  [**C]  experiments 
he  amount  of  freely  exchangeable 
ent  in  the  respective  compartments 
in  the  [*^N]  studies  the  atom  % 
dicates  the  relative  amount  of  the 
the  total  urea  (sp  act).  Since  the 
ity  in  the  chemical  determination 
1  difference  in  the  concentration  of 
ween  plasma  and  red  blood  cells 
irger  than  the  difference  itself  (2), 
pts  were  made  in  the  [^'•C]  studies 
ire  separately  the  urea  concentra- 
these  micro  samples.  But  on  the 
id,  in  the  [*^N]  studies  the  simulta- 
;asurement  of  28  and  29  mass  peak 
eads  directly  to  the  sp  act   [29/ 

)ssibility  for  any  systematic  analyti- 

in  our  [**N]  studies  was  also  ex- 
Any  contamination  of  plasma  in 

lead  only  to  a  lower  P/C  ratio  and 
value  will  be  still  higher  than  ob- 

Deproteinizing,  permutite  and 
eatments,  release  of  ammonia,  and 
talyses  were  ail  carried  out  identi- 
plasma,  cells,  and  blood.  The  pres- 
about  13%  more  free  glutamine 
aragine)  in  cells  than  in  plasma  (2) 

rise  to  a  slightly  different  amount 
i-labile"  ammonia  during  the  Con- 
ision  procedure.  This  may  account 
Kimum  P/C  ratio  of  1 .003  which  is 
*  when  one  compares  with  our 
lues  of  1.176  and  1.094  from  in 

in  vitro  studies  respectively.  The 
entration  of  CO2-NH3  adduct  (car- 
cid,  carbamate,  carbamyl  phos- 
any,  in  cells  will  not  influence  our 
Urease  blank  determinations  did 
any  detectable  (by  mass  spectrom- 


eter) ammonia  nitrogen.  The  absence  of 
urea  enzymes  in  erythrocytes  (9)  ruled  out 
the  possibility  of  any  cell  urea  production 
after  separation  of  the  two  blood  phases.  A 
material  balance  was  obtained  between  the 
sp  act  of  whole  blood  and  plasma  or  cells. 
A  concentration  gradient  promotes  as  iso- 
tope flux  in  our  in  vitro  studies.  The  rate  of 
transport  of  urea  from  the  plasma  into  red 
blood  cells  may  be  represented  by  the  equa- 
tion: 

d{A}/dt=  -k'{A}  +r{B}         (1) 

where  A  and  B  are  the  concentrations  of 
urea  in  plasma  and  cells  respectively,  k' 
and  k"  are  the  "transfer  constants".  At 
equilibrium  d{A}/dt  becomes  zero.  Thus, 

k'/k^'^iBUHAU^K  (2) 

On  integrating  for  a  time  interval,  /,-/2,  and 
substituting  with  respective  concentrations 
(10),  equation  1  becomes: 

-{(2-h)(k'  ^k")=ln  {{{A},K  (3) 

Using  the  measured  values  of  K  (0.808  for 
influx  and  0.791  for  efflux),  the  "transfer 
constants"  {k'  -I-  k')  were  calculated  for 
the  0-1  and  1-5  min  intervals  in  the  [**C] 
experiments.  The  corresponding  values 
(min'O  of  {k'  +  k')  were  4.042±0.026 
and  0.1 70 ±0.008  for  the  influx  studies  and 
4.548±0.035  and  0.066±0.020  for  the  ef- 
flux studies.  In  [*^N]  in  vitro  studies  K  = 
0.907  and  (k'  +  k")  for  30-90  min  interval 
was  0.023  ±0.004. 

Discussion.  When  added  to  the  blood 
[^KTJ-labeled  urea  distributes  itself  between 
the  cells  and  plasma  in  the  same  ratio  of 
the  freely  exchangeable  urea  already  pres- 
ent. About  97%  of  this  distribution  is  at- 
tained in  less  than  a  minute  and  it  takes 
about  2-3  hr  to  complete  the  equilibrium. 
Between  equal  volume  of  the  components 
[*^C]  radioactivity  counts  give  directly  the 
distribution  ratio  of  free  urea.  This  ratio  at 
1  min  (1.277±.016,  P  <  0.005)  closely 
follows  that  of  water  (1.288±.007,  P  < 
0.001)  demonstrating  the  identical  concen- 
trations of  exchangeable  urea  per  unit  vol- 
ume of  either  plasma  water  or  cell  water. 
One  would  expect  this  identity  between 
these  two  phases  which  have  almost  no 
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permeability  barrier.  The  analytical  tech- 
niques followed  in  other  studies  (2-5)  did 
not  permit  to  distinguish  this  similarity  in 
concentration.  They  have  reported  that  the 
urea  concentration  in  red  cell  water  is  higher 
than  that  in  plasma  water.  This  type  of 
difference  is  observed  by  us  in  our  ['*N] 
experiments  where  the  concentration  of  the 
tracer  with  respect  to  the  total  urea  (free 
and  bound)  was  measured.  The  P/C  ratio  in 
our  [**N]  studies  should  be  one  if  the  urea 
is  present  only  in  the  free  form.  The  ob- 
served significant  deviation  of  this  ratio 
from  unity  in  both  in  vivo  (1.176±.010, 
Mean±SEM)  and  in  vitro  (1.094 ±.011) 
studies  shows  clearly  that  urea  is  not  distrib- 
uted in  the  same  freely  exchangeable  form 
between  the  blood  compartments.  The  [*^N] 
atom  %  excess  is  always  higher  in  plasma 
indicating  that  more  bound  urea  is  present 
in  cells  than  in  plasma.  The  P/C  ratio  is 
about  7%  lower  in  the  case  of  m  vitro  [*^N] 
studies.  This  appears  to  be  a  significant  one 
since  the  pooled  mean  square  analysis  (11) 
of  the  data  and  the  resulted  /-distribution 
statistics  gives  P  at  <0.005.  The  small  but 
significant  difference  may  be  due  to  loss  of 
a  substrate,  similar  to  that  of  2,3-diphos- 
phoglycerate  in  the  binding  of  oxygen  by 
hemoglobin  (12)  resulting  in  less  bound 
urea  in  cells.  Conditions  like  pH,  PCO2  etc. 
were  not  controlled  in  the  in  vitro  studies. 
The  fractional  turnover  rate  of  labeled 
urea  from  the  plasma  is  not  the  same  as 
that  from  the  cells  (Table  I),  indicating  a 
different  state  of  urea.  In  the  initial  period 
(up  to  about  180  min)  there  is  a  fast  decay 
of  the  isotopic  urea  and  the  slope  from  cells 
is  about  13%  less  than  that  from  plasma 
(paired  /-test  P  <  0.02).  The  P/C  ratio  is 
always  greater  than  one,  and  there  is  a 
trend  of  its  slow  decrease  with  time  (Table 
I).  Thus  in  this  period  of  equilibration  there 
is  a  slow  exchange  and  replacement  of  the 
bound  cell  urea  by  the  labeled  urea.  In  the 
second  period  (180-600  min)  the  decay  of 
the  isotopic  urea  is  slowed  down  and  the 
turnover  rate  from  cells  is  about  8%  higher 
than  that  from  plasma.  Now  the  P/C  ratio 
slowly  increases  with  time  showing  the  slow 
replacement  of  the  labeled  bound  cell  urea. 
Our  value  of  the  fractional  turnover  rate 
(15.8±1.2)  X  10-^min-\of  urea  from  the 


plasma  agrees  very  well  with  the  reported 
value  (15.5±1.1)  x  10"^  min"'  of  Walser 
(13).  No  studies  were  done  previously  with 
the  cells.  Whether  the  [**N]  urea  is  injected 
(MS-1)  or  produced  endogenously  (MS-2), 
its  decay  pattern  and  distribution  data  be- 
tween the  two  components  of  blood  are 
almost  the  same  indicating  the  indistinguish- 
ability  of  the  source  of  marker  urea. 

The  trend  of  decrease  with  time  in  the  ?l 
C  ratio  of  the  radioactivity  in  in  vitro  influx 
studies  and  a  trend  of  increase  in  P/C  ratic 
of  the  specific  activity  in  the  [*'N]  in  vitro 
experiments  (Fig.  2)  clearly  demonstrate  a 
slow  influx  of  urea  into  the  components  ol 
the  red  blood  cells.  These  in  vitro  results 
and  the  absence  of  parallelism  in  the  rate  oi 
clearance  of  labeled  urea  from  the  cells  and 
plasma  conflrm  that  urea  in  human  red 
blood  cells  exists  both  in  a  freely  exchange- 
able form  and  in  a  relatively  slowly  ex- 
changeable bound  state.  Plasma  occupies  a 
central  position  in  the  distribution  and 
transport  of  urea.  Both  in  the  hepatic  addi- 
tion and  in  the  renal  extraction  of  urea 
from  the  plasma,  the  concentration  in  the 
red  cell  water  is  also  perturbed  but  quickly 
adapted  to  the  changing  conditions.  The 
similarity  of  the  transfer  constants  for  urea 
obtained  in  the  first  min  of  our  influx  and 
efflux  in  vitro  studies  suggests  the  operation 
of  the  same  mechanisms  in  both  directions. 
Following  this  initial  rapid  transfer  of  urea, 
the  observed  slowdown  may  be  due  only  to 
the  interaction  with  proteins. 

Binding  of  a  small  molecule  by  a  protein 
is  the  pivotal  step  in  a  host  of  biological 
functions  including  their  transport  through- 
out the  vascular  system.  Significant  quanti- 
ties of  urea  are  known  to  be  bound  to 
various  proteins  (3,  14).  Hemoglobin  is  the 
most  likely  cell  constituent  that  might  form 
a  urea  complex.  There  may  be  a  conforma- 
tional accommodation,  which  merely  stabi- 
lizes the  complex  and  does  not  trigger  a 
physiological  process  for  either  the  protein 
or  the  ligand  (IS).  Actually  such  a  molecu- 
lar adaptation  to  the  relatively  high  urea 
concentration  was  found  in  vivo  by  elasmo- 
branch  hemoglobins  (16). 

When  the  equilibrium  is  shifted  either  by 
addition  or  extraction  of  urea,  the  bound 
urea  becomes  labile  to  maintain  equilib- 
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A^lthough  the  blood  urea  nitrogen  in 
^enous  blood  is  lower  than  that  in  the 
1  blood  by  about  9%  which  corre- 
;  to  the  urinary  excretion,  there  is  no 
nee  between  the  arterial  and  venous 
with  respect  to  urea  concentrations 
cell  water  or  plasma  water  (17).  This 
es  that  the  perturbed  equilibrium  be- 
the  urea  concentration  of  the  red  cell 
and  plasma  water  due  to  the  overall 
ice  of  urea  has  already  been  restored 

blood  leaves  the  kidney.  During 
lialysis  of  uremic  patients  (18)  when 
tracellular  urea  concentration  is  con- 
>ly  reduced,  it  takes  about  15  hr  post 
s  to  attain  the  predialysis  equilibrium 
m  extracellular  (plasma)  and  intracel- 
muscle)  urea  concentrations.  It  does 
ke  this  long  to  attain  equilibrium 
m  red  cell  water  and  plasma  water 
ut  the  low  degree  of  hemolysis  ob- 
in  some  cases  of  dialysis  may  partly 

to  a  delay  in  attaining  equilibrium 
n  the  bound  and  free  urea  especially 
:ells. 

distribution  ratio  of  the  freely  ex- 
able  urea  between  equal  volumes  of 
and  cell  is  1 .277.  The  [>^N]  atom  % 
ratio  1.176  (our  [*^N]  in  vivo  mean 
represents  the  ratio  of  the  ratio  be- 
the  free  urea  and  total  (free  and 
I  urea  present  in  plasma  and  cell 
rtments. 

FJF,  =  \211  (4) 

^.-^  B,)/{FJF,-\-  B,)=  1.176     (5) 

''  and  B  represent  the  amount  of  free 
(und  urea  and  the  subscripts  p  and  c 
mi   plasma   and   cells   respectively. 

(Fe  +  Bc)/(F,  +  B,)  =  0.921        (6) 

e  the  cell  and  plasma  proteins  have 
binding  capacities  for  urea  (3),  their 
tive  concentrations  0.3298  g  protein/ 
I  and  0.07695  g  protein/ml  plasma 
e  related  to  the  relative  amount  of 
urea  between  the  two  compartments. 

/Be  =  0.07695/0.32980  =  0.233  (7) 

;hese  relationships  one  can  obtain  F^l 
SJ,  BJ(F,  +  B,),  FJ{F,  +  B,)  and 


Bc/(Fc  -I-  Be)  ratios.  It  is  calculated  that 
about  96%  urea  in  the  plasma  phase  is 
freely  exchangeable  compared  to  only  82% 
in  the  cells.  Thus  in  normal  human  blood 
(Hct.  45)  about  10%  of  the  urea  is  not  read- 
ily available  for  free  exchange  but  can  be 
mobilized  under  specific  conditions.  In 
model  simulations  of  urea  transfer  espe- 
cially during  dialysis  (6,  7),  this  unequal  dis- 
tribution of  urea  between  the  two  compo- 
nents of  blood  should  be  taken  into  consid- 
eration. Neglecting  the  possible  differences 
between  whole  blood  and  plasma  concentra- 
tions of  urea  and  its  rates  of  equilibration  be- 
tween red  cells  and  plasma,  Bass  et  al.  (6) 
found  that  the  calculated  clearance  of  urea 
is  17%  greater  than  the  clearance  calculated 
using  whole  blood  levels  and  flow,  or  plasma 
levels  and  flow.  This  suggests  the  existence 
of  a  difference  in  the  rate  of  removal  of 
urea  from  the  two  components  of  blood 
which  is  confirmed  by  our  observations. 

Summary.  The  distribution  kinetics  of 
urea  between  plasma  and  the  red  blood 
cells  of  normal  human  blood  have  been 
investigated  in  vivo  using  [*^N]  urea  and  in 
vitro  using  [""^N]  urea  and  [**C]  urea.  The 
partition  ratio  of  free  exchangeable  urea 
between  the  cell  and  plasma  is  found  to  be 
the  same  as  that  of  water  distribution,  show- 
ing the  identical  concentration  (urea/ml  wa- 
ter) of  free  urea  in  these  two  compartments 
of  blood.  However  a  significant  difference 
(18%)  is  observed  in  the  sp  act  ([*^N]  atom 
%  excess)  between  the  urea  present  in  the 
cell  and  plasma  compartments  of  blood. 
This  indicates  that  about  one-fifth  of  the 
cell  urea  may  not  be  in  a  freely  exchangea- 
ble form.  The  fractional  turnover  rate  of 
urea  from  the  red  blood  cells  is  different 
from  that  of  the  plasma  compartment  sug- 
gesting the  relatively  bound  state  of  intra- 
cellular urea  and  its  slow  mobilization. 
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dan  disease  (AD)  in  adult  mink  is 
erized  by  marked  hyperglobuline- 
[asmacytosis  and  immune  complex 
»  and  glomerulonephritis  (1).  The 
immaglobulinemia  and  immune 
X  disease  in  young  mink  infected  in 
^ith  AD  virus  (ADV)  was  found  to 

than  that  found  in  infected  adult 
presumably  because  of  decreased  im- 
igical  responsiveness  in  mink  kits  (2). 
more,  mink  kits  infected  neonatally 
DV  frequently  developed  AD  with 
I  features  rarely  found  in  mink  in- 
as  adults  (W.  J.  Hadlow,  personal 
nicaiion).  Because  immune  respon- 
s  is  required  for  development  of  AD 
owledge  about  the  ontogeny  of  im- 
in  mink  may  help  in  elucidating  the 
[lysiology  of  AD  in  neonatal  mink, 
al  humoral  immunity  in  mammals  is 
lation  of  passively  acquired  antibody 
icental  and  milk  transmission)  and 

synthesized  Ig  by  the  host.  The 

amount  of  maternal  Ig  transferred 
and  after  parturition  varies  widely 
mammals  as  does  the  particular  Ig 
is  transmitted  (for  review  see  Ref. 

present  report  contains  information 
he  transmission  to  and  synthesis  of 
A  and  IgM  in  young  mink. 
rials  and  methods.  Animals.  Sap- 
nink  were  obtained  from  a  single 
[lerd  free  of  AD  and  New  Zealand 
abbits  were  obtained  from  a  local 
.  Serum  or  plasma  was  obtained 
)rmal  mink  by  cutting  a  toenail  or  by 

puncture.  Blood  was  obtained  by 
ating  pre-  and  postnatal  mink  kits. 
era.  Antisera  specific  for  mink  IgG, 
i  IgM  were  made  in  rabbits  as  previ- 
escribed  (5),  except  that  the  antigen 

int  requests  should  be  addressed  to:  Dr.  J. 
locky  Mountain  Laboratory,  Hamilton,  Mon- 
10. 


was  absorbed  by  coupling  it  to  Sepharose 
4B  (Pharmacia,  Uppsala,  Sweden)  with 
cyanogen  bromide  (6). 

Quantitation  of  Ig.  Concentrations  of 
mink  Ig  were  determined  by  ring  diffusion 
assay  in  which  five  lambda  of  serum  were 
delivered  into  a  14-gauge  needle  hole  made 
in  antibody-agar  covered  glass  plates.  Ap- 
propriate concentrations  of  specific  anti- 
body and  test  serum  were  used  to  obtain 
suitable  ring  diameters.  Concentration  of 
protein  in  an  unknown  sample  was  calcu- 
lated by  comparing  ring  diameter  (squared) 
with  the  dilution  curve  of  the  standard  con- 
trol serum.  Isolated  Ig  of  known  protein 
concentration  (Kjeldahl  method)  was  used 
to  determine  concentrations  of  IgG,  IgM 
and  IgA  in  standard  control  serum  (7).  The 
molecular  size  of  IgA  in  milk  and  young 
mink  serum  was  not  determined;  for  quan- 
titation purposes  this  IgA  was  assumed  to 
be  similar  in  size  to  the  adult  serum  IgA 
standard  which  was  12S  (5). 

^i4Q  Tissue  culture.  Mink  tissues  [axil- 
lary, prescapular,  and  mesenteric  lymph 
nodes,  spleen,  thymus,  liver,  ileum,  and 
kidney]  obtained  at  necropsy  were  promptly 
minced  into  1  mm  pieces  that  were  incu- 
bated in  culture  tubes  containing  [**C]  i$ip- 
leucine  and  [^KT]  lycine  (ICN,  Irvine,  CA) 
tissue  culture  medium  and  placed  on  a  roller 
drum  for  12  hr  at  37**  (8).  After  the  cultures 
were  frozen,  thawed  and  centrifuged,  the 
supernatant  fluid  was  dialyzed  extensively 
and  then  lyophilized.  Presence  of  radioac- 
tivity in  a  particular  Ig  was  examined  by 
autoradiography  in  which  the  reconstituted 
[**C]  tissue  culture  supernatant  fluid  and 
normal  mink  serum  carrier  were  added  to  a 
well  of  a  2%  agarose  covered  slide  and 
specific  antiserum  added  to  an  adjacent 
well.  Concentration  of  antiserum  and  car- 
rier were  adjusted  so  that  a  sharp  precipitin 
line  developed  after  24  hr.  The  slides  were 
then  washed  extensively  for  4  days  with 
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PBS,  dried,  stained,  and  applied  to  Kodak 
contrast  film  for  7  days.  Under  the  area  of 
the  superimposed  agarose  precipitin  line 
(^'•CJ-labeled  Ig  was  seen  as  a  dark  line  on 
the  developed  film. 

Results.  Ontogeny  of  serum  Ig,  Serum 
levels  of  IgG,  IgA  and  IgM  were  deter- 
mined in  blood  obtained  from  normal  sapv 
phire  kits  exsanguinated  at  various  intervals 
after  birth  (Fig.  1).  The  normal  adult  Ig 
values  in  Fig.  1  were  obtained  by  examina- 
tion of  serum  from  eight  6-month-old  male 
sapphires.  Serum  from  a  single  kit  was  ob- 
tained on  most  days,  although  sera  from 
two  animals  were  examined  on  postnatal 
days  10,  20,  24,  31,  and  50.  IgM  and  IgG 
were  detected  within  24-48  hr  after  birth; 
concentration  of  IgM  gradually  increased 
over  128  days,  whereas  that  of  IgG  rapidly 
attained  adult  levels  (7-10  mg/ml)  8  days 
after  birth.  IgG  levels  then  decreased  to  1- 
2  mg/ml  during  the  fifth  week  of  life  and 
before  the  kits  were  weaned  on  day  56. 
Serum  IgA  was  not  detectable  until  39  days 
after  birth  and  remained  at  low  levels  (0.01 
mg/ml)  until  after  day  128  (Fig.  1). 

The  young  kits  in  Fig.  1  had  been  main- 
tained until  exsanguination  with  their  moth- 
ers and  presumably  started  suckling  shortly 
after  birth.  One  litter  was  examined  which 
had  not  suckled;  the  parturient  mother  was 
maintained  in  a  cage  with  a  course  screen 
bottom  (1  X  2  in.  mesh)  and  nest  box 
without  floor  so  that  directly  after  delivery 
the  kits  fell  through  the  screen  out  of  the 
mothers'  reach.  Sera  obtained  from  these 
four  kits  revealed  no  detectable  IgA  or  IgM 
but  an  average  IgG  level  of  0.56  mg/ml 
(0.35,  0.47,  0.67  and  0.73  mg  IgG/ml).  A 
serum  pool  also  was  obtained  from  one 
litter  of  fetal  mink  (1-2  weeks  prepartum) 
and  contained  0.1  mg  IgG/ml  without  de- 
tectable IgA  or  IgM. 

The  high  level  of  serum  IgG  in  neonatal 
mink  during  the  nursing  period  suggested 
its  maternal  origin.  Twelve  samples  of  colos- 
trum and  milk  obtained  1-50  days  after 
parturition  were  assayed  for  IgG,  IgA  and 
IgM  (Table  I).  IgG  was  present  in  greatest 
quantity  (mean  2.9  mg/ml),  although  small 
amounts  (mean  0.17  mg/ml)  of  IgA  were 
also  detected.  IgM  was  not  present  in  any 
of  the  samples.  Sera  were  obtained  from 
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Fig.  I.  Ontogeny  of  serum  Ig  in  mink;  mg/ml 
IgG  (A),  IgA  (B)  and  IgM  (C)  shown  at  varic 
intervals  after  birth  (day  0).  Solid  line  connects  mc 
values.  Range  is  shown  by  brackets.  Adult  individi 
values  (dots)  and  means  were  obtained  from  sera 
eight  normal  male  sapphire  mink  at  1 80  days  of  age 
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.E  I.  Ig  Levels  in  Milk  and  Serum  of 
Lactattng  Female  Mink. 


IgG- 


IgA- 


IgM« 


2.9 

0.17                  0 

(1.0-6.3) 

(0.04-0.5) 

23.4 

0.51                 3.5 

(11.6-37.5) 

(0.1-1.8)       (2.1-7.5) 

X          14.5% 

45.6%                 0 

;-         (4.4-25.6) 

(27.7-84.0) 

age  mean  value  in  mg/ml  and  (range). 

ve  samples,  days  1-50. 

t  samples,  days  1-50. 

t  individually  paired  samples,  days  1-50. 

:tating  females  concurrently  with  the 
mple  and  the  amount  of  serum  Ig 
^rmined.  Calculations  of  milk/serum 
s  for  individual  mink  showed  that, 
iverage,  relative  IgA  secretion  was 
d  greater  than  IgG  secretion;  that 
n  IgA  level  in  milk  was  45.6%  of 
evel,  whereas  mean  IgG  concentra- 
nilk  was  14.5%  that  of  serum  (Table 

significant  trend  of  change  in  Ig 
if  milk  and  serum  with  time  were 
though  the  highest  levels  (mg/ml)  of 
nilk  (0.5  and  0.34)  were  on  days  39 

and  the  lowest  on  days  1  and  2 
id  0.08).  The  highest  IgG  (5.0  and 
ml)  levels  in  milk  were  from  mothers 
d  the  highest  IgG  (32.2  and  37.5 
espectively)  levels  in  serum. 
Synthesis  of  mink  Ig,  Lymph  nodes 
3ular,     axillary     and    mesenteric), 

thymus,  liver,  and  intestine  from 
mguinated  kits  (Fig.  1)  were  assayed 
ynthesis  by  [^^C]  tissue  culture.  IgG 
Vl  synthesis  were  consistently  de- 
n  lymph  node  and  spleen  in  all  kits 
28  days  of  age.  Smaller,  but  yet 
^e  amounts  of  the  IgG  and  IgM 
is  also  were  found  in  thymus  and 
kits  up  to  20  days  of  age.  The  first 
ive  synthesis  of  IgA,  however,  was 
i  in  spleen  of  a  75-day-old  kit  and 
spleen,  lymph  node,  and  particularly 
ine  of  mink  98  and  128  days  old. 
ssion.  Adult  levels  of  IgG  were 
1  sera  of  kits  from  the  first  to  the 
vcck  of  life,  presumably  because  of 
il  Ig  transferred  by  milk  (9,  10). 
gG  concentration  then  fell  precipi- 
iuring  the  fifth  week  of  life  and 


before  weaning  on  day  56.  Substantial 
amounts  of  IgG  were  present  in  milk 
throughout  this  interval,  so  the  IgG  de- 
crease in  kit  serum  occurred  either  because 
the  capacity  for  its  intestinal  absorption 
decreased,  as  occurs  in  mice  (11),  or  per- 
haps because  suckling  had  essentially  ended 
at  this  time.  Sera  of  kits  also  contained 
autologous  IgG  during  the  neonatal  period, 
as  IgG  synthesis  was  detected  consistently 
from  the  first  day  of  birth.  The  small 
amounts  of  IgG  detected  in  fetal  and  neo- 
natal mink  prior  to  suckling  could  be  of 
autologous  and/or  maternal  (transplacental) 
origin.  Kits  also  were  synthesizing  IgM  at 
birth;  the  kinetics  of  increase  during  neo- 
natal period  and  absence  from  milk  indicate 
that  kit  serum  IgM  originates  within  the 
host. 

In  comparison  to  IgG,  mink  milk  con- 
tained relatively  small  amounts  of  IgA,  as 
also  occurs  in  ruminants  (12).  However, 
when  compared  with  milk-serum  ratios  of 
IgG  (Table  I),  a  threefold  advantage  of  IgA 
secretion  was  found.  The  lack  of  detectable 
IgA  in  suckling  kits  may  be  explained  by 
the  small  amount  of  IgA  in  milk.  But  mink 
kits,  like  suckling  mice  (13),  may  be  unable 
to  absorb  milk  IgA.  Furthermore,  little  IgA 
of  host  origin  was  present,  as  IgA  synthesis 
was  not  detected  in  young  mink  until  they 
were  more  than  2  months  old  and  significant 
serum  levels  were  not  achieved  until  after  4 
months  of  age.  Thus,  ontogeny  of  mink 
IgA  is  similar  to  the  slow  maturation  seen 
in  other  mammals  (14).  Also,  the  predomi- 
nant synthesis  of  IgA  by  gut-associated  tis- 
sues in  young  and  adult  normal  mink  (7)  is 
similar  to  that  in  other  animals  (14). 

Studies  on  the  kinetics  of  serum  Ig 
changes  in  adult  mink  after  infection  with 
ADV  have  shown  that  elevation  of  IgA 
levels  was  frequently  preceded  by  increases 
in  IgG  levels  (7),  similar  to  serum  levels  in 
ontogeny.  However,  in  sapphire  mink  with 
terminal  AD,  the  serum  Ig  with  greatest 
relative  increase  frequently  was  IgA,  al- 
though AD  resistant  pastel  mink  showed 
minimal  serum  IgA  increase  (7).  The  ques- 
tion arises  whether  IgA-anti-ADV  is  an  im- 
portant component  for  development  of  AD 
pathology.  Future  experiments  will  deter- 
mine if  a  minimal  IgA-anti-ADV  response 
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in  sapphire  kits  infected  with  ADV  can 
explain  the  observed  mild  disease  in  these 
young  mink. 

Summary,  Serum  levels  and  ['^C]  tissue 
culture  synthesis  of  IgG,  IgA  and  IgM  were 
determined  in  pre-  and  postnatal  normal 
mink.  Small  amounts  of  IgG  were  found  in 
serum  from  fetal  and  neonatal  mink  prior 
to  suckling.  This  could  represent  maternal 
Ig  (transplacental)  or  could  be  autologous 
Ig  as  IgG  synthesis  was  found  in  day  old  kit 
spleen  and  lymph  node  tissues.  The  suckling 
kit  achieved  adult  levels  of  IgG  (7-10  mg/ 
ml)  8  days  after  birth  although  IgG  then 
decreased  (before  weaning)  to  1-2  mg/ml 
during  the  fifth  week  of  life.  Generous 
amounts  (mean  2.9  mg/ml)  of  IgG  were 
found  in  mink  milk  throughout  the  nursing 
period.  Small  amounts  of  IgA  (mean  0.17 
mg/ml)  were  also  found  in  mink  milk,  al- 
though IgA  was  not  detectable  in  kit  serum 
until  39  days  of  age  and  IgA  synthesis  in 
('^C]  tissue  culture  was  not  found  in  tissues 
from  kits  less  than  75  days  of  age.  IgM  was 
not  detected  in  milk,  although  ('*C]  tissue 
culture  synthesis  of  IgM  was  consistently 
found  1-2  days  postpartum  and  serum  levels 
gradually  increased  during  neonatal  devel- 
opment. 
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pulmonary  antioxidant  defense 
lisms,  superoxide  dismutase  and  the 
ione  system,  have  been  postulated 
er    varying    degrees    of    protection 

oxygen  (1-5),  ozone  (6),  nitrogen 
!  (7),  and  paraquat  (8,  9)  induced 
)xicity.  Oxidant-induced  lung  injury 
rally  thought  to  result  from  the  cyto- 
ction  of  the  free  radical  superoxide 
and  other  highly  reactive  intermedi- 
ich  as  hydroxy  1  radical,  peroxy  radi- 
1  hydrogen  peroxide  (1-10).  Super- 
lismutase  (SOD)  is  believed  to  dimin- 
dant-induced  lung  injury  by  catalyz- 
t  dismutation  of  superoxide  radical 
le  enzyme  catalase  (CA),  which  can 
luded  in  the  superoxide  dismutase 
,  sequesters  the  hydrogen  peroxide 
I  from  the  dismutation  reaction  (10). 
itathione  system  includes  glutathione 
iase  (GP),  which  is  thought  to  limit 
►eroxidation  initiated  by  superoxide 

that  has  escaped  dismutation  (11). 
ed  glutathione  (GSH)  is  utilized  as  a 
)r  in  this  reaction.  The  intracellular 
f  GSH  can  then  be  replenished  by 
lione  reductase  (GR). 
IS  long  been  recognized  that  newborn 
ronatal  animals  are  more  tolerant  to 
dc  pulmonary  effects  of  oxygen  than 

(4,  12,  13).  We  have  previously 
gated  the  mechanism  of  this  age-de- 
icy  of  oxygen-induced  lung  toxicity 
ive  observed  that  the  relative  resist- 
(f  the  neonatal  animal  to  hyperoxic 
I  jury  is  associated  with  an  increase  in 
tivity  of  their  pulmonary  antioxidant 
e  systems  as  compared  to  the  adult 

5  research  is  supported  by  USPHS  Grant  Nos. 
41,  GM  07013,  GM  07069  and  GM  12675, 
Pharmacology  Trainee  Grant  No.  1F32 
5  and  Health  Professional  Special  Project 
o.  07-D-000008-05. 
1  Yam  is  a  Procter  and  Gamble  predoctoral 


(4).  Recently  Kehrer  and  Autor  (14)  have 
examined  the  activity  of  various  rat  pulmo- 
nary glutathione  system  enzymes  as  a  func- 
tion of  age.  In  the  present  study,  we  have 
further  examined  the  development  of  these 
pulmonary  antioxidant  defense  systems  in 
an  expanded  age  range  in  rats  including 
premature  rats  and  rats  between  1 5  and  70 
days  old  in  an  attempt  to  gain  additional 
understanding  of  the  mechanism  responsi- 
ble for  age-related  susceptibility  to  oxygen- 
induced  lung  injury. 

Materials  and  methods.  Procedure  in  ani- 
mals. Animals  used  for  these  studies  were 
Sprague-Dawley  albino  rats  of  varying  ages 
(2  days  premature  to  62  days  old)  bred  and 
raised  in  the  Animal  Care  Facility  at  The 
University  of  Iowa  and  Sprague-Dawley 
albino  rats  (70  days  old)  obtained  from 
Biolab  Corporation  (St.  Paul,  MI).  All  rats 
were  sacrificed  by  decapitation  on  the  same 
day  and  their  lungs  were  carefully  perfused 
with  ice-cold  isotonic  phosphate  buffer  via 
the  pulmonary  artery  (4).  Lungs  were 
trimmed  to  remove  extraparenchymal,  tra- 
cheal-bronchial  and  vascular  tissue  and  were 
homogenized  for  2  min  in  a  1:15  (W:V) 
dilution  with  ice-cold,  0.005  M,  phosphate 
buffer,  pH  7.8,  using  a  Sorvall  Omnimixer 
(Ivan  Sorvall  Inc.,  Newtown,  CO).  Lung 
tissue  from  two  to  14  premature  or  young 
animals  (less  than  50  days  old)  were  pooled 
for  purposes  of  analysis.  Rats  greater  than 
eight  days  old  were  separated  according  to 
sex  and  were  analyzed  accordingly.  Super- 
oxide dismutase  activity  and  GSH,  deoxyri- 
bonucleic acid  (DNA)  and  protein  levels 
were  analyzed  in  the  lung  homogenate.  Glu- 
tathione reductase,  GP  and  CA  activities 
and  protein  concentration  were  determined 
in  the  15,000g  lung  supernatant.  Attempts 
were  made  to  perform  a  single  biochemical 
assay  on  all  the  samples  in  a  random  fashion 
on  the  same  day. 

Biochemical  assays.   Lung  SOD  activity 
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was  determined  by  inhibition  of  ferricyto- 
chrome  c  reduction  by  xanthine  and  xan- 
thine oxidase  (15).  GR  activity  was  deter- 
mined by  following  NADPH  disappearance 
(16);  GP  activity  by  the  method  described 
by  Lawrence  and  Burk  (17)  using  cumene 
hydroperoxide  as  substrate;  and,  CA  activ- 
ity by  the  method  of  Holmes  and  Masters 
(18).  Assay  of  GSH  level  utilized  the  modi- 
fied method  of  Klotsch  and  Bergmeyer  (19) 
by  Delucia  et  al,  (20).  DNA  was  determined 
using  Richard^s  modification  of  the  diphen- 
ylamine  reaction  (21)  and  protein  concen- 
tration by  the  modified  Lowry's  assay  (22). 
Results,  No  significant  differences  were 
found  in  the  various  enzyme  activities  and 
GSH  levels  between  male  and  female  rats. 
To  simplify  the  figure  presentation,  data 
from  male  and  female  rats  of  the  same  age 
group  were  therefore  combined.  Each  value 
in  the  figures  (1-5)  represents  mean  ±  SE 
of  two  to  five  individual  samples  for  each 
age  group.  A  similar  pattern  with  age  was 
observed  in  pulmonary  SOD  activity  (Fig. 
1)  and  GSH  level  (Fig.  2),  whether  the 
activity  level  was  expressed  as  per  mg  pro- 
tein or  per  mg  DNA  in  lung  homogenate. 
Pulmonary  SOD  activity  and  GSH  level  of 
70-day-old  rats  were  approximately  200% 
of  that  found  in  neonatal  rats  (0-21  days 
old)  when  expressed  as  per  mg  DNA  and 


20       30       40       SO 
AGE  (DAYS) 

Fig.  1.  Pulmonary  superoxide  dismutase  (SOD) 
activity  at  different  ages  in  the  rat  expressed  as  units 
activity  per  mg  protein  (A)  and  per  mg  DNA  (B). 


150%  of  that  found  in  neonatal  rats  \ 
expressed  as  per  mg  protein. 

Pulmonary  GP  (Fig.  3)  and  CA  (Fi 
activities  appeared  to  increase  from  2 
premature  to  birth  and  then  subsequ 
decrease  to  approximately  the  original 
level  by  age  8-12  days.  For  SOD  (Fi 
and  GR  (Fig.  4),  this  pattern  of  en: 
activity  was  less  obvious.  As  with  SOD 
and  GR  activities  showed  a  progressiv 
crease  with  age  from  day  12  to  70.  Ci 
contrast  to  all  the  other  enzymes  and  ( 
showed  a  progressive  decline  in  ac 
from  day  12  to  70.  Activities  of  GP, 
and  CA  in  70-day-old  adult  rat  lung 
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Fig.  2.  Pulmonary  reduced  glutathione  (( 
level  at  different  ages  in  the  rat  expressed  as  ni 
per  mg  protein  (A)  and  per  mg  DNA  (B). 


30    40     SO     «0     Tf» 


AGE  (DAYS) 

Fig.  3.  Pulmonary  glutathione  peroxidase 
activity  (nmoles  NADPH  oxidized/min/mg  prot 
different  ages  in  the  rat. 
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.  4.  Pulmonary  glutathione  reductase  (GR)  ac- 
(nmoles  NADPH  oxidized/min/mg  protein)  at 
;nt  ages  in  the  rat. 
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J.  5.  Pulmonary  catalase  (CA)  activity  (I.U./mg 
n)  at  different  ages  in  the  rat. 

oximately  200%,  150%  and  50%,  re- 
:ively,  of  that  found  in  neonatal  rat 

scussion.  Previous  studies  have  shown 
-elated  changes  of  various  pulmonary 
mes  (23,  24).  In  the  present  study,  the 

of  activity  of  all  the  pulmonary  antiox- 
t  enzymes  studied  (Figs.  1,  3-5)  were 
r  at  2  days  before  term  than  at  birth. 

increase  in  activity  from  2  days  before 

to  birth  may  serve  an  important  func- 
in  preparing  the  transition  of  the  lung 
I  a  relatively  hypoxic  environment  in 
}  to  the  much  richer  extrauterine  oxy- 
environment.  Fluctuations  in  enzyme 
ities  and  GSH  levels  were  observed 
een  birth  and  5  days  of  age.  The  expla- 
in for  these  fluctuations  is  not  known 
t  could  be  a  consequence  of  the  multi- 

of  environmental  and  physiological 
ges  which  are  known  to  be  occurring 
ig  this  time. 

om  day  12  to  70,  SOD,  GP,  and  GR 
ities  and  GSH  levels  generally  showed 


a  gradual  increase  with  age.  In  contrast  to 
the  other  enzymes  studied,  pulmonary  CA 
activity  was  less  in  the  older  rats  compared 
to  the  younger  animals  (Fig.  5).  Similar 
findings  were  reported  by  Kehrer  and  Autor 
(14)  in  pulmonary  GR  and  GP  activities 
but  not  with  GSH  levels  in  developing  rat 
lung.  The  increase  in  pulmonary  GSH  levels 
with  age  observed  in  the  present  study  may 
be  attributed  to  the  different  analytical  tech- 
niques employed  in  these  two  studies. 

Young  adult  rats  (70  days  old),  who  have 
been  repeatedly  shown  to  be  more  suscepti- 
ble to  oxidant-induced  lung  damage  (4,  12, 
13)  have  nevertheless  a  1.5-  to  twofold 
greater  SOD,  GP,  and  GR  activities  and 
GSH  levels  than  that  of  neonatal  animals. 
Human  adult  lung  has  similarly  been  found 
to  have  a  greater  SOD  activity  than  fetal 
and  newborn  lung  (25).  This  apparent  par- 
adox may  be  explained  in  part  by  our  recent 
findings  that  neonatal  rats,  in  response  to 
high  oxygen  exposure,  showed  a  rapid  and 
significant  increase  in  pulmonary  SOD,  GP, 
GR,  CA  activity,  and  GSH  levels  (4,  5,  25, 
26).  In  these  studies,  adult  rats,  although 
possessing  greater  baseline  lung  activity  lev- 
els of  SOD,  GP,  GR,  and  GSH  (Figs.  1- 
4),  failed  to  respond  with  any  increase  in 
these  enzyme  activities  or  GSH  levels  in 
response  to  a  toxic  oxygen  challenge.  The 
lower  pulmonary  activity  of  CA  in  adult 
rats  may  be  extremely  critical  and  further 
contribute  to  their  greater  susceptibility  to 
oxidant-induced  lung  damage. 

On  the  basis  of  this  study  and  previously 
published  work  (1-10,  25,  26),  one  could 
speculate  that  the  ability  of  an  animal  to 
tolerate  oxygen-induced  lung  damage  is 
governed  by  a  delicate  balance  between  the 
generation  of  cytotoxic  agents  and  the  var- 
ious pulmonary  defense  capabilities.  The 
intracellular  production  of  cytotoxic  agents 
is  believed  to  be  increased  during  exposure 
to  high  concentrations  of  oxygen  (27).  The 
ability  of  the  lung  to  offset  this  challenge 
would  be  determined  not  only  by  the  total 
activities  of  pulmonary  antioxidant  en- 
zymes, but  also  by  the  capability  of  the 
lung  to  increase  its  antioxidant  enzymes  in 
response  to  hyperoxia  and  the  proximity  of 
these  protective  systems  to  the  site  of  gen- 
eration of  cytotoxic  agents. 

Summary.  The  age-related  development 
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of  the  activity  levels  of  the  pulmonary  an- 
tioxidant defense  systems:  superoxide  dis- 
mutase,  reduced  glutathione,  glutathione 
peroxidase,  glutathione  reductase  and  cata- 
lase,  were  examined  in  the  rat.  All  the 
pulmonary  antioxidant  enzymes  studied 
showed  a  lower  activity  at  two  days  before 
term  than  at  birth.  From  day  12  to  70,  with 
the  exception  of  catalase,  these  enzymes 
and  reduced  glutathione  generally  showed 
a  gradual  increase  in  activity  levels  with 
age.  Pulmonary  catalase  activity,  however, 
was  lower  in  the  older  rats  compared  to  the 
younger  animals.  No  significant  differences 
were  found  in  the  various  pulmonary  en- 
zyme activities  and  glutathione  levels  be- 
tween male  and  female  rats. 

The  authors  wish  to  acknowledge  the  very  able 
technical  assistance  of  Mrs.  Mary  Jo  Kline  and  the 
valuable  suggestions  by  Dr.  A.  Autor  and  Mr.  James 
P.  Kehrer  to  these  studies. 
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of  essential  fatty  acid^  defi- 
rat  is  associated  with  increased 
ster  content  in  a  number  of 
issues,  most  notably  skin  (1), 
and  ovary  (3).  In  skin,  accu- 
sterol  esters  may  account  in 
abnormal  keratinization,  tail 
scaliness  which  represent  the 
tifying  features  of  EFA  defi- 
has  been  suggested  that  the 
tent  of  skin  cholesterol  esters 
ulation  of  cholesterol  esterify- 
vith  simultaneous  inhibition  of 
iter  hydrolase  activity,  all  as- 
lack  of  prostaglandin  synthesis 
)nic  acid  (5).  Unlike  skin,  the 
ovary  normally  contain  large 
holesterol  esters.  In  these  tis- 
I  of  the  preferred  substrate, 
rachidonate,  for  steroid  hor- 
is  induces  utilization  of  other 
ters  which  normally  serve  only 
opacity  (2,3). 

demonstrated  that  rat  adipose 
itains  cholesterol  esters  (6-8), 
ably  may  be  hydrolyzed  enzy- 
mobilization  (9).  This  tissue 
synthesize  prostaglandins  in 
sential  fatty  acids  (10).  Such 
ell  as  the  results  obtained  in 
les  mentioned  above  prompted 
e  the  effect  of  essential  fatty 
:y  on  the  storage  of  free  and 
lesterol  in  isolated  fat  cells  of 
jliminary  report  has  appeared 

wenty  male  weanling  Sprague- 
iree  weeks  of  age  were  divided 
ary  groups  as  shown  in  Table 
rats  received  a  fat-free  diet 

/  Training  Grant  No.  1  T3207098-02 

rant  No.  AM  19995. 

i:  essential  fatty  acid  (EFA). 


(experimental  I)  or  a  control  diet  containing 
corn  oil  (control  I).  Group  II  experimental 
rats  were  fed  hydrogenated  coconut  oil  in 
order  to  produce  a  more  rapid  and  severe 
form  of  EFA  deficiency  than  the  fat-free 
group  (4).  Control  group  II  received  corn 
oil  together  with  hydrogenated  coconut  oil. 
Thus,  all  animals  except  the  fat-free  group 
received  7%  lipid,  20%  protein  and  equiv- 
alent amounts  of  carbohydrate.  In  addition 
to  the  dietary  components  listed  in  Table  I, 
all  diets  contained  4%  fiber  as  cellulose, 
4%  salt  mix,  0.7%  vitamin  mix  and  0.3% 
choline  chloride.  All  of  these  semi-synthetic 
diets  were  provided  ad  lib  for  a  period  of 
16  weeks. 

Following  decapitation  of  all  animals,  iso- 
lated fat  cells  were  prepared  from  epididy- 
mal  adipose  tissue  by  the  method  of  Rodbell 
(12)  and  both  cells  and  plasma  were  ex- 
tracted using  an  isopropanol-Zeolite  system 
(13).  Cell  size  was  calculated  as  previously 
described  by  us  (14)  and  others  (15).  Free 
and  esterified  cholesterol  from  extracted 
adipocytes  were  separated  using  lipophilic 
Sepahdex  LH-20  gel  filtration  according  to 
a  method  recently  developed  in  our  labora- 
tory.^ The  Student  /  test  was  utilized  to 
determine  significant  differences  between 
means  (16).  All  statistical  analyses  were 
done  using  a  Wang  Model  500  Program- 
ming Calculator  (Wang  Laboratories,  Inc., 
Tewksbury,  MA). 

Results  and  Discussion.  Retardation  of 
animal  growth  has  been  used  in  early  studies 
on  EFA  deficiency  both  as  a  criterion  for 
the  state  of  deficiency  and  in  bioassays  for 
determining  the  essentiality  of  various  fatty 
acid  derivatives  (17,  18).  As  shown  in  Table 
II,  both  groups  of  essential  fatty  acid  defi- 
cient rats  in  the  present  study  also  showed 


'  Krause,  B.  R.  and  A.  D.  Hartman.  Submitted  for 
publication . 


297 


0037-9727/78/1 572-0297  $01 .00/0 

Copyright  C  1978  b^  the  Sodel's  Iot  ExvcTvwvttv\»\'«\o\a^  -MAWt^wcvTsfc 
All  rights  rescTvcd. 


298 


ADIPOCYTE   CHOLESTEROL   STORAGE   IN    EFA    DEFICIENCY 


TABLE  I.  Composition  of  Control  and  Essential  Fatty  Acid  DEnciENT  Diets. 


Group 

Lipid 

Protein 

Carbohydrat) 

I 
Control 
Experimental 

II 
Control 

Experimental 

7%  com  oil 
zero 

2%  com  oil 
5%  HCO» 
7%  HCO 

20%  casein 
20%  casein 

20%  casein 

20%  casein 

64%  sucrose 
71%  sucrose 

64%  sucrose 

64%  sucrose 

°  Hydrogenated  coconut  oil. 
TABLE  II.  Autopsy  Data 

FROM  Rats  Fed  Control  and  Essential  Fatty  Acid  Dehcient  Diet 

Group 

Body  weight  (g) 

Fat  pad  weight  (g) 

Cell  size* 

Control  I 
Control  II 
Pooled  control 
Experimental  I 
Experimental  II 
Pooled  experimental 

503.6  ±25.1 
500.4  ±  25.3 
502.0  ±  16.8 
383.6  ±  lO.K 
401.6  ±8.2'- 
392.6  ±  6.8 

7.1  ±0.7 
6.5  ±  0.5 
6.8  ±  0.5 
5.4  ±0.5 

6.2  ±  0.8 
5.8  ±0.4 

73.4  ±  4.e 
59.9  ±  6.1 
66.7  ±  6.: 
50.7  ±  5.: 
50.1  ±  5.« 
50.4  ±  5.' 

"  Values  are  means  ±  SE  of  6  rats/group. 

*  Cell  size  is  expressed  as  /ig  triglyceride/cell  x  10"*. 

*"  Significantly  less  than  respective  control  at  5%  level. 

**  Significantly  less  than  the  pooled  control  values  at  5%  level. 


significantly  less  weight  gain  during  the 
feeding  period  than  respective  control  ani- 
mals. The  wet  weight  of  epididymal  fat  pads 
in  the  EFA-deficient  groups  showed  an  av- 
erage nonsignificant  decrease  of  16%,  while 
mean  cell  size  differed  by  24%  when  com- 
pared to  controls.  However,  differences  in 
cell  size  between  experimental  and  control 
rats  did  reach  statistical  significance  when 
all  control  rats  were  pooled  and  compared 
to  all  EFA  deficient  animals  as  a  whole 
(Table  II).  These  tendencies  toward  change 
in  adipose  tissue  triglyceride  storage,  which 
may  largely  contribute  to  the  body  weight 
retardation,  are  consistent  with  the  original 
description  of  EFA  deficiency  by  Burr  and 
Burr  in  which  it  was  reported  that  "storage 
fat  can  be  almost  entirely  eliminated"  when 
young  rats  are  deprived  of  fat  for  several 
months  (19).  Such  decreases  in  cell  size 
were  also  not  surprising  in  view  of  the  fact 
that  others  have  reported  increased  in  vitro 
lipolysis  in  EFA-deficient  rats  (10,  20). 

As  expected,  EFA  deficient  rats  as  a 
whole  had  significantly  lower  plasma  total 
cholesterol  levels  than  controls  (Table  III). 
This  agrees  with  the  work  of  Alfin-Slater  ei 
al.  (21).  The  significant  decrease  in  plasma 
cholesterol  esters,  resulting  in  an  increased 
percentage  of  free  cholesterol,  has  also  been 


reported  and  has  been  ascribed  to  dec 
liver  cholesterol  esterification  (22). 

On  the  other  hand,  the  levels  o 
cholesterol  in  adipocytes,  as  shown  ir 
IV,  were  higher  than  those  previou 
ported  for  Sprague-Dawley  rats  of 
body  weight  fed  normal  rat  chow  (7, 
is  possible  that  this  is  due  to  the  se 
thetic  nature  of  the  diets,  as  well  as 
high  sucrose  content,  both  of  which  ir 
plasma,  liver,  skeletal  muscle,  and  a 
tissue  lipid  levels  (7,  18,  23).  Althou 
size  was  not  different  between  experi 
groups  (Table  II),  deficient  animals 
ing  lipid  in  their  diets  (experimental '. 
significantly  less  adipocyte  total  as  ' 
free  cholesterol  compared  to  rats  re< 
no  dietary  fat  (experimental  I).  This 
seem  to  support  the  contention  that 
eride  content  or  cell  size  is  not  th 
determinant  of  adipocyte  cholestero 
mulation  (14,  24).  The  largest  adij 
did  not  have  the  greatest  content  of 
cholesterol,  which  also  suggests  disso 
of  cholesterol  storage  from  that  of  tri 
ide. 

Adipocyte  total  cholesterol  in  conti 
was  approximately  36%  cholesterol 
These  data  for  the  percent  of  total  ^ 
terol  as  esters  agree  most  closely  wi 
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'ABLE  III.  Effect  of  Essential  Fatty  Acid  DEnciENCY  on  Plasma  Cholesterol  Levels." 


Group                     Free  cholesterol 

Cholesterol  esters 

Total  cholesterol 

%  Free  cho- 
lesterol 

itrols                             75.5  ±5.5 
)eriinentals                    73.9  ±6.8 

71.4  ±6.5 
45.2  ±  3.8* 

145.9  ±  11.1 
119.2  ±  10.5 

51.2 
61.9* 

essed  as  mg/dl,  «  =  4  for  each  group. 

ficantly  different  from  control  value  at  5%  level. 

BLE  IV.  Effect  of  Essential  Fatty  Acid  Dehciency  on 

Adipocyte  Cholesterol  Storage." 

jroup                    Free  cholesterol 

Cholesterol  esters 

Total  cholesterol 

Percent  cho- 
lesterol esters 

-oil                        1353.9  ±132 
-olll                        1195.5  ±75 
rimentall               2011.8  ±  100* 
rimentalll              1327.7  ±  214*" 

779.5  ±  81 
680.7  ±  56 
847.9  ±  238 
673.9  ±  151 

2133.5  ±  173 
1876.2  ±  128 
2859.8  ±  329* 
2001 .7  ±  363^ 

36.7 
36.2 
29.9* 
31.5* 

essed  as  /ig/lO*  cells  ±  SE,  n  =  5  for  all  groups, 
ficantly  different  than  respective  control  at  5%  level, 
ficantly  less  than  experimental  I,  P  <  0.1 . 


is  et  al,  (6)  who  found  that  isolated 
i  of  400  g  rats  contained  24%  of 
olesterol  as  esters.  Other  laborato- 
8)  have  reported  much  lower  per- 
er  values.  As  discussed  previously,' 
screpancies  arise  most  likely  because 
lical  difficulties  inherent  in  determi- 
)f  free  and  esterified  cholesterol  in 
»ence  of  larger  quantities  of  neutral 
problem  unique  to  adipose  tissue. 
)se  tissue  does  not  appear  to  re- 
3  EFA  deficiency  like  other  periph- 
ues.  A  significant  increase  in  adipo- 
e  and  hence  total  cholesterol  oc- 
in  rats  deprived  of  dietary  lipid, 
esulted  in  a  significant  decrease  in 
:entage  of  total  cholesterol  as  choles- 
jters  (Table  IV).  Stability  of  the 
te  ester  pool  under  conditions  of 
*ficiency  was  apparent  despite  the 
iced  alterations  in  triglyceride  (25) 
bohydrate  metabolism  (26)  known 
r  in  EFA  deficiency.  A  probable 
ism  for  increased  free  cholesterol 
in  fat  cells  may  be  related  to  the 
jd  percentage  of  free  cholesterol  in 
of  EFA  rats  also  reported  in  this 
►r  to  changes  in  membrane  structure 
ilteration  of  phospholipid  fatty  acids 
.  deficiency  (17).  More  work  and 
the  use  of  other  models  are  re- 
o  reveal  the  regulatory  mechanisms 
ing  cholesterol  fluxes  in  adipose  tis- 


Summary.  Essential  fatty  acid  deficiency 
was  induced  in  one  group  of  rats  by  feeding 
a  fat-free  diet,  and  in  another  group  by 
supplying  hydrogenated  coconut  oil.  All  de- 
ficient animals  had  significantly  reduced 
weight  gain  and  tended  to  have  decreased 
epididymal  fat  cell  size  compared  to  con- 
trols. Rats  in  the  fat-free  group  had  signifi- 
cantly more  adipocyte  free  cholesterol  than 
control  animals,  but  no  significant  alteration 
in  stored  free  sterol  occurred  in  rats  made 
essential  fatty  acid  deficient  with  hydrogen- 
ated coconut  oil.  Between  experimental  es- 
sential fatty  acid  deficient  groups,  the  fat- 
free  group  had  greater  quantities  of  adipo- 
cyte free,  and  hence,  total  cholesterol.  No 
alterations  in  ester  content  due  to  essential 
fatty  acid  deficiency  could  be  demonstrated, 
although  the  percentage  of  total  cholesterol 
as  esters  decreased  significantly  in  both  ex- 
perimental groups.  It  is  suggested  that  adi- 
pose tissue  responds  differently  than  other 
peripheral  tissues  to  essential  fatty  acid  de- 
ficiency. 
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otent  as  well  as  committed  stem 
;  present  in  the  peripheral  blood  of 
Is,  although  in  rather  small  number 
"heir  presence  in  the  circulation  may 
indicative  of  the  role  they  play  in 
itenance  of  hemopoietic  homeosta- 
igst  the  various  sites  of  hemopoiesis 
out  the  skeletal  system.  In  the  hu- 
1  other  large  mammals,  a  quantita- 
ermination  of  the  pluripotent  stem 
Illation  in  the  blood  is  still  a  problem 
Ived;  we  must  still  content  ourselves 
;  determination  of  the  presumably 
:y tic-committed  stem  cell,  using  the 
Uc  (colony  forming  unit  in  culture) 
eveloped  by  Bradley  and  Metcalf 
I  number  of  CFUc  appears  to  be  a 
od  indicator  for  the  presence  of 
ent  hemopoietic  stem  cells  in  the 
F  dogs,  as  evidenced  by  the  fact  that 
ietic  recovery  in  the  marrow  of  le- 
radiated  dogs  is  proportional  to  the 
of  blood  CFUc  transfused  (1).  In 
nstances,  mononuclear  leukocytes 
including  CFUc,  had  been  col- 
rom  donor  dogs  via  an  arterio-ve- 
[unt  using  the  IBM  Experimental 
!ell  Separator.  A  5-hr  leukapheresis 
lessary  to  collect  25  x  10»  leuko- 
mong  these  being  about  8  x  10» 
vhich,  in  turn,  contained  some  0.5 
FUc. 

ier  to  increase  the  yield  of  MNC, 
particular,  of  CFUc  from  a  single 
eresis,  dextran  sulfate  (DS)  was  ad- 
ed  iv  shortly  before  the  onset  of 
eresis.  In  previous  studies,  Ross  et 
shown  that  various  poly  anions,  in- 
DS,  are  able  to  increase  the  number 
I  in  the  blood  of  rats  and  of  other 
Is  (6,  7).  Thus,  it  was  the  objective 

irk  was  supported  by  Euratom-Contract  No. 
BIO-D  and  by  the  Deutsche  Forschungsge- 
:  (Sonderforschungsbereich  112). 


of  this  Study  to  examine  in  dogs  the  effects 
of  administering  different  doses  of  DS  on 
the  blood  levels  of  leukocytes,  especially  of 
MNC  and  of  CFUc,  to  provide  a  basis  for 
attempts  to  increase  the  yield  of  CFUc 
collected  from  the  peripheral  blood. 

Materials  and  Methods,  Two  healthy  bea- 
gles were  used  in  this  study,  about  2  years 
of  age  and  weighing  16  kg— one  was  male 
and  the  other  female. 

An  anterio-venous  shunt  was  surgically 
inserted  between  the  carotid  artery  and  the 
jugular  vein  on  one  side.  This  shunt  was 
thoroughly  cleansed  (flushed  with  heparin- 
ised  saline)  twice  a  day  to  prevent  blockage 
by  fibrin  buildup.  It  could  generally  be 
maintained  free-flowing  for  3-4  weeks.  An- 
tibiotics were  administered  only  for  the  first 
few  days  following  the  operation  while  the 
wound  healed. 

Dextran  sulfate  (DS)  is  a  synthetic  poly- 
anion  of  strong  negative  charge,  composed 
of  glucose  units  in  a  helical  chain  and  with 
SO4  groups.  It  was  prepared  for  these  exper- 
iments by  esterifying  pure  dextran  (m.w. 
40,000,  Merck)  with  chlorosulfonic  acid, 
after  the  recipe  used  by  Ricketts  (8).  On 
each  glucose  unit  of  dextran  are  three  hy- 
droxy 1  groups,  any  one  or  all  of  which  may 
be  substituted  for  by  a  sulfate  group;  in  this 
case,  an  average  of  2.3  sulfate  groups  were 
found  per  glucose  unit,  as  indicated  by  a 
sulfur  content  of  17%.  The  product  was 
neutralized,  extensively  dialysed  against  dis- 
tilled water,  then  freeze-dried,  powdered, 
and  stored  in  air-tight  vials  at  4"".  Just  prior 
to  administration,  the  appropriate  amount 
of  DS  was  dissolved  (readily)  in  20  ml  of 
sterile  saline  solution  (0.9%).  It  was  in- 
jected over  about  20  sec  into  the  venous 
side  of  the  shunt. 

As  can  be  derived  from  Fig.  2,  each  of 
the  two  dogs  received  on  two  separate  oc- 
casions, saline  injections  (S)  as  a  control. 
On  four  other  separate  occasions,  10  mg 
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DS/kg  body  weight  (D)  were  given.  In  two 
further  experiments,  15  mg  DS/kg  body 
weight  (D')  were  given.  Between  one  exper- 
iment (lasting  7  hr)  and  the  next,  2-3  days 
were  allowed  to  elapse  in  order  to  stabilize 
the  blood  cell  levels. 

The  number  of  CFUc  in  the  peripheral 
blood,  as  withdrawn  from  the  arterial  side 
of  the  shunt  at  various  intervals  after  admin- 
istration of  DS,  was  determined  by  using  a 
modified  agar  culture  technique  (4). 

The  levels  of  leukocytes  (mononuclear 
and  polymorphonuclear)  and  thrombocytes 
in  the  peripheral  blood  were  also  recorded, 
along  with  the  hematocrit. 

Results,  Figure  1  illustrates  the  findings 
for  the  two  different  doses  of  DS  and  for 
the  saline  control.  The  data  from  all  experi- 
ments in  the  two  dogs  were  pooled  for  each 
treatment  schedule. 

There  was  no  effect  caused  by  the  admin- 
istration of  saline  alone,  either  on  leukocyte 
numbers  or  on  CFUc,  over  the  7-hr  period 
of  observation.  However,  after  the  admin- 
istration of  iO  mg  DS/kg  body  weight, 
within  3  hr  there  was  a  slight  rise  in  poly- 
morphonuclear cells  (PMN),  a  doubling  of 
MNC,  and  a  sevenfold  increase  in  CFUc 


(from  100  to  700  CFUc/ml  blood).  After 
the  administration  of  iJ  mg  DS/kg  body 
weight,  there  was  an  increase  in  PMN  of 
about  40%  over  the  preinjection  values. 
The  MNC  showed  an  increase  of  about 
100%,  double  the  preinjection  value.  The 
blood  CFUc  experienced  a  tenfold  increase 
in  number,  from  about  200  to  about  2000 
CFUc/ml  blood.  The  standard  error  for  the 
3-hr  mean  CFUc  value  was  fairly  large,  due 
to  the  relatively  high  values  observed  in  the 
first  experiment  (21-fold  increase)  as  com- 
pared to  the  values  in  the  second  experi- 
ment (about  fivefold  increase),  for  both 
dogs. 

The  MNC  population  following  DS  ad- 
ministration tends  to  maintain  the  high  level 
beyond  3  hr,  as  does  the  PMN  population. 
On  the  other  hand,  the  CFUc  population 
experiences  a  decrease  after  the  3-hr  peak. 
It  should  also  be  noted  that  the  increase  in 
CFUc  over  the  first  3  hr  is  proportionally 
much  greater  than  the  increase  in  MNC, 
indicating  that  the  CFUc  concentration  is 
controlled  by  mechanisms  other  than  those 
controlling  MNC  and  PMN  levels.  Normal 
values  for  leukocytes  and  for  CFUc  are 
regained  within  24  hr. 
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Fig.  1 .  Effect  of  dextran  sulfate  administration  i.v.  on  blood  leukocytes  in  two  dogs,  (a)  Saline  only  (0.9%): 
/I  -  4.  (b)  Ten  milligram  DS/kg  body  weight  (eight  separate  experiments,  four  with  each  dog),  (c)  Fifteen 
milligram  DS/kg  body  weight  (four  separate  experiments,  two  with  each  dog).  Each  point  represents  the  mean; 
the  bars  indicate  the  standard  error  of  the  mean.  —  A  —  PMN;  —  •  —  MNC;  —  O  —  CFUc. 
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It  is  of  interest,  however,  to  note  that  the 
repeated  administration  (2-3  days  between 
doses)  of  dextran  sulfate  (10  or  15  mg  DS/ 
kg  body  weight)  results  in  an  increase  in 
the  basic  concentration  of  CFUc  in  blood 
(Fig.  2). 

For  the  two  dogs,  the  basic  CFUc  level 
(preinjection  level)  increased  from  about 
65  to  230  CFUc/ml  blood,  a  fourfold  eleva- 
tion from  before  the  first  dosage  until  24  hr 
after  the  last.  In  contrast,  other  blood  pa- 
rameters remained  essentially  unaltered. 
MNC  and  PMN  levels  were  unaffected. 
Thrombocytes  displayed  a  slight  tendency 
to  decrease,  declining  to  about  60%  of  their 
initial  day  0  level,  while  the  hematocrit 
decreased  by  10%;  these  changes  are  con- 
sidered to  be  mainly  a  consequence  of  the 
experimental  procedures,  namely  the  sam- 
pling. 

Since  it  has  been  found  by  other  investi- 
gators (9,  10)  that  the  number  of  leukocytes 
and  CFUc  increase  after  injection  of  endo- 
toxin, the  dextran  sulfate  employed  in  these 
experiments  was  tested  for  endotoxin  con- 
tamination by  the  commercially-available 
Limulus  Assay  (Associates  of  Cape  Cod., 
Inc.,  Woods  Hole,  MA).  Standard  endo- 
toxin from  E.  coli  (Westphal  method;  code 
0127:B8)  was  used  as  a  positive  control  for 
a  quantitative  determination;  it  produced  a 
positive  reaction  down  to  0.5  ng/ml.  Dex- 
tran sulfate  (15  mg/ml)  gave  essentially  a 
negative  reaction;  if  endotoxin  was  present 
as  a  contaminant,  it  must  have  been  in  a 
quantity  considerably  less  than  0.5  ng/ml 
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Fig.  2.  CFUc  concentration  in  peripheral  blood 
during  the  3-week  period  of  study;  effect  of  repeated 
doses  of  dextran  sulfate  on  both  dogs.  Values  shown 
were  taken  just  before  each  administration  of  DS.  or 
on  another  day.  Note  the  tendency  for  the  CFUc  to 
increase  progressively  as  further  doses  of  DS  are  expe- 
rienced. S  =  saline  only  (0.9%);  D  =  10  mg  DS/kg 
body  wt.;  D'  =  15  mg  DS/kg  body  wt. 


which,  according  to  the  literature,  would 
have  no  effect  in  any  in  vivo  system. 

Discussion.  Previously,  many  polyanions 
(especially  polysaccharide  polysulphates, 
such  as  the  heparinoids)  have  been  observed 
to  increase  the  number  of  MNC  in  the 
blood  of  mammalian  species  (6,  11-13). 
With  these  observations  in  mind,  we  asked 
ourselves  the  question,  if  stem  cells  (either 
committed  or  noncomitted)  are  part  of  the 
blood  MNC  population,  might  not  poly- 
anions be  able  to  increase  the  number  of 
stem  cells  in  the  blood  too?  This  turned  out 
to  be  indeed  the  case,  but  the  CFUc  in- 
creased even  more  than  expected.  While 
the  MNC  increased  twofold  after  10  mg 
DS/kg  body  weight,  the  CFUc  increased 
some  sevenfold,  and  after  15  mg/kg,  some 
tenfold. 

This  would  suggest  that,  although  DS  also 
affects  the  lymphocyte  count,  it  is  particu- 
larly effective  in  raising  the  number  of 
CFUc  in  the  blood  within  3  hr  of  iv  admin- 
istration by  7-10  X ,  depending  on  the  dose 
administered. 

At  the  present  time,  the  mechanisms  that 
are  effective  in  increasing  the  CFUc  concen- 
tration in  the  blood  after  dextran  sulfate 
administration  are  far  from  clear.  In  princi- 
ple, one  must  consider  actions  that  lead  to 
a  ^'mobilization"  of  cells  from  extravascular 
sites  by  allowing  increased  access  to  the 
blood  and  thereby  increasing  the  concentra- 
tion in  the  blood.  Along  the  same  lines 
would  be  the  argument  that  an  increased 
number  of  CFUc  in  the  blood  could  be 
expected  if  there  were  a  marginal  pool  from 
which  there  was  a  shift  of  cells  into  the 
circulating  pool  under  the  influence  of  dex- 
tran sulfate.  However,  one  must  also  enter- 
tain another  possibility.  If  the  blood  transit 
time  of  blood  stem  cells  were  altered,  were 
in  effect  prolonged,  then  one  would  also 
quickly  observe  an  increase  in  the  number 
of  circulating  CFUc.  Bradfield  and  Born 
(14)  have  made  a  detailed  investigation  of 
the  interference  with  lymphocyte  recircula- 
tion by  heparin  and  DS  in  mice  and  rats. 
This  phenomenon  may  also  apply  to  stem 
cells.  In  this  context,  it  is  of  interest  to 
consider  ways  and  means  by  which  poly- 
anions may  act  on  cells.  Some  investigations 
indicate  that  DS  and  other  related  poly- 


304 


BLOOD  CFUC  INCREASED  BY  DEXTRAN  SULFATE 


anions  may  have  an  affinity  for  the  mem- 
brane of  target  cells  (15).  They  may  in  fact 
be  attached  to  the  cell  membrane  in  the 
form  of  small  granules  (16).  Reversible 
binding  of  the  polyanions  to  the  negative 
cell  surface,  perhaps  by  means  of  bridges  of 
Ca^"^  ions  (18),  would  increase  surface  ne- 
gativity. Thus,  the  electrophoretic  mobility 
would  be  increased  (17,  19).  This  increased 
negativity  hinders  adhesion  of  cells  to  one 
another  as  well  as  to  the  endothelium  (17, 
20).  Such  an  action  could  result  in  an  in- 
creased release  rate  from  the  tissues  where 
they  were  lodged,  and/or  in  an  inability  to 
"home"  in  these  or  other  tissues.  In  this 
context,  it  has  been  further  observed  that 
incubation  of  cells  with  DS  decreases  mem- 
brane deformability,  as  demonstrated  by 
the  loss  of  the  ability  to  adhere  to  glass 
surfaces  (21).  All  of  these  factors  might  be 
involved  in  decreasing  the  anchorage  of  the 
cells  outside  the  vascular  channels  and  in 
making  them  more  mobile  for  entry  into 
the  blood  at  the  appropriate  sites  (as  yet 
poorly  understood)  in  the  bone  marrow. 

In  addition  to  this  mechanism  (or  as  an 
alternative),  one  must  certainly  consider  the 
possibility  that  the  CFUc  increase  is  not 
due  to  an  increase  in  the  release  rate  of 
CFUc  from  extravascular  sites,  but  rather 
to  a  decrease  in  their  disappearance  rate 
from  the  blood.  If  the  CFUc  transit  time 
through  the  blood  were  somehow  pro- 
longed, perhaps  because  the  CFUc  were 
experiencing  difficulties  in  adhering  to  the 
endothelial  wall,  this  could  give  rise  to  the 
observed  effect.  These  hypotheses  can  be 
tested  by  future  experiments  on  the  basis 
that  the  polyanion  effect  can  be  readily  and 
completely  neutralized  by  the  addition  of 
protamine  (a  polycation)  in  both  the  in  vivo 
and  the  in  vitro  situations  (7,  17).  A  final 
word  should  be  said  about  the  toxicity  of 
dextran  sulfate.  It  has  been  found  that  tox- 
icity increases  with  increasing  molecular 
weight  but  that  DS  of  low  molecular  weight, 
such  as  10,000,  is  no  more  toxic  than  hepa- 
rin in  the  equivalent  dosage  (22).  Ricketts, 
as  well  as  others,  have  performed  extensive 
clinical  trials  with  DS  and  concluded  it  to 
be  a  suitable  synthetic  substitute  for  heparin 
(19,23,24). 

As  tentative  hypothesis,  then,  we  believe 


that  dextran  sulfate  attaches  itself  to  the 
CFUc  cell  membrane,  thereby  resulting  in 
a  decreased  deformability  and  increased  cell 
surface  negativity.  These  changes  give  rise 
to  a  mobilization  (apparently  passive)  of 
CFUc  from  extravascular  sites  into  the  cir- 
culation, and  possibly  also  to  a  transient 
inability  of  these  cells  to  leave  the  blood 
stream  and  to  "home".  This  means  that  the 
observed  increase  in  CFUc  concentration  in 
blood  3-5  hr  after  DS  probably  arises  from 
both  an  elevated  influx  and  a  prolonged 
blood  transit  time  of  CFUc. 

Summary,  Intravenous  administration  of 
10  mg  or  15  mg  dextran  sulfate  per  kg 
body  weight  into  dogs  results  in  a  marked 
increase  of  CFUc  in  the  blood  within  3  hr 
and,  to  a  considerably  lesser  extent,  of 
mononuclear  leukocytes  (MNC).  The  in- 
crease after  the  higher  dose  is  more  than 
tenfold,  from  less  than  200  CFUc/ml  blood 
to  about  2000  CFUc/ml,  within  3-5  hr;  the 
CFUc  gradually  decrease  thereafter  to  con- 
trol levels  several  hours  later.  On  the  other 
hand,  the  MNC  population  experiences  a 
two-  to  threefold  increase  which  is  main- 
tained for  several  hours.  The  increase  in 
CFUc  after  10  mg/kg  is  less  than  after  15 
mg/kg,  indicating  dose-dependence. 

There  is  also  a  cumulative  increase  ob- 
served in  the  CFUc  concentration  in  blood 
after  repeated  injections  of  dextran  sulfate; 
there  is  no  significant  alteration  in  PMN 
and  MNC  levels  and  there  is  a  slight  de- 
crease in  the  hematocrit  and  in  the  throm- 
bocyte level. 

The  mechanism  responsible  for  this  phe- 
nomenon has  not  yet  been  clarified.  Due  to 
the  probable  action  of  polyanions  on  cell 
membranes  affecting  their  adherence  capa- 
bilities, one  may  consider  both  an  increased 
rate  of  release  of  CFUc  from  a  marginal  or 
extravascular  pool  into  the  blood,  as  well  as 
a  prolongation  of  the  CFUc  blood  transit 
time  as  being  contributing  factors  to  the 
observed  blood  CFUc  increase. 

We  would  like  to  express  our  sincere  thanks  to 
Mrs.  B.  Burr-Stengel  and  Miss  E.  Ruber  for  their 
excellent  technical  assistance,  to  Dr.  I.  Steinbach  for 
her  splendid  animal  care  and  particularly  to  Dr.  H.-P. 
Schnappauf  for  his  superb  surgical  skills.  Dr.  K.  J.  van 
den   Berg   of  the    Radiobiological    Institute.  TNO 
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Hepatic  canalicular  bile  production  is  cur- 
rently held  to  be  generated  by  two  mecha- 
nisms, a  bile  salt-dependent  (BSDF)  and 
bile  salt-independent  (BSIF)  process  (1-3). 
Bile  salts  are  actively  transported  into  the 
bile  canaliculi  and  subsequent  development 
of  osmotic  gradients  and  passive  movement 
of  water  into  the  canalicular  lumen  has  been 
proposed  as  the  means  by  which  bile  salts 
generate  bile  flow  (4).  There  is  more  spec- 
ulation as  to  the  mechanism  by  which  BSIF 
is  generated.  Some  investigators  have  impli- 
cated cyclic  3 '-5 '-adenosine  monophos- 
phate (cAMP).  Theophylline,  a  phosphodi- 
esterase inhibitor  which  decreases  break- 
down of  cAMP,  has  been  shown  to  increase 
BSIF  in  the  dog,  an  animal  in  which  very 
low  rates  of  BSIF  have  been  found  (5-7). 
Observations  of  the  effects  of  theophylline 
on  BSIF  in  animal  models  with  high  rates 
of  BSIF  such  as  rodents  have  not  been 
reported.  Other  investigators  have  sug- 
gested that  inhibition  of  membrane-bound 
Na"*^-K^-activated  adenosine  triphosphatase 
(Na^-K+-ATPase)  is  a  factor  in  BSIF  pro- 
duction (8-10).  Ethacrynic  acid,  a  diuretic 
which  has  been  shown  to  inhibit  Na^-K^- 
ATPase  in  the  kidney  (11),  has  been  re- 
ported to  both  inhibit  (10)  and  stimulate 
(12,  13)  bile  flow  without  significant  change 
in  bile  salt  output.  These  studies  have  been 
interpreted  to  support  a  role  for  Na^-K^- 
ATPase  in  the  generation  of  BSIF.  In  a 
search  for  agents  which  would  increase  in 
vivo  BSIF  in  the  rat,  both  theophylline  and 
ethacrynic  acid  were  studied.  Results  of 
these  studies  showed  that  both  agents  signif- 
icantly enhanced  BSIF.  However,  both 
agents  also  produced  alterations  in  bile  salt- 
dependent  flow  which  suggest  they  influ- 
ence multiple  steps  in  the  bile  secretory 
process. 

Materials  and  methods.  Male  Walter 
Reed  rats  weighing  250-350  g  were  used  in 


all  experiments.  In  conducting  the  research 
described  in  this  report,  the  investigator 
adhered  to  the  Guide  for  Laboratory  Ani- 
mal Facilities  and  Care  as  promulgated  by 
the  Committee  on  the  Guide  for  Laboratory 
Animal  Resources,  National  Academy  of 
Sciences,  National  Research  Council.  Dur- 
ing ether  anesthesia,  external  biliary  fistulae 
were  constructed  and  cannulation  of  both 
the  femoral  artery  and  vein  was  accom- 
plished with  PE-10  polyethylene  tubing 
(Clay  Adams,  Inc.).  Bilateral  nephrectomy 
was  performed.  Animals  were  then  allowed 
to  recover  in  restraining  cages  and  had  free 
access  to  food  and  water  for  the  remainder 
of  the  experiments.  Studies  were  performed 
on  the  day  following  surgery  after  overnight 
depletion  of  the  bile  salt  pool.  During  ex- 
periments, body  temperature  was  moni- 
tored and  maintained  at  37  ±  1**  with  heat- 
ing pads  (14),  and  animals  were  perfused 
with  0.45  ml/hr  normal  saline.  ['*C]- 
Erythritol  (Amersham-Searle)  was  diluted 
to  3  /xCi/ml  with  sterile  normal  saline. 
Grade  A  sodium  taurocholate  (Calbiochem) 
solutions  containing  5,15  and  30  mg/0.45 
ml  normal  saline  were  prepared  on  the  day 
of  experiment  and  used  for  bile  salt  perfu- 
sion. Theophylline  and  ethacrynic  acid  were 
obtained  from  Vitarine,  Inc. 

Three  microcuries  of  [**C]erythritol  were 
given  through  the  femoral  vein.  After  a  90 
min  equilibration  period,  bile  samples  were 
collected  at  1 5  min  intervals  for  1  hr  during 
the  bile  salt-depleted  state  with  serum  sam- 
ples obtained  midway  through  the  individ- 
ual bile  collection  periods  via  the  femoral 
artery.  Each  animal  then  received  infusions 
of  taurocholate  at  5,  15  and  30  mg/hr;  the 
order  of  infusion  was  varied  throughout  the 
experiments  and  did  not  differ  significantly 
among  the  three  groups.  One  hour  was 
allowed  for  equilibration  of  serum  bile  salt 
levels  and  bile  flow  between  each  different 
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•f  bile  salt  infusion.  After  each  equili- 
•n  period,  bile  samples  were  again  col- 
at  IS  min  intervals  for  1  hr  and 
I  obtained  midway  through  each  col- 
1  period.  Experimental  animals  treated 
lieophylline  received  20  mg/kg  intra- 
isly  15  min  before  the  start  of  bile 
tion.  Ethacrynic  acid-treated  animals 
ed  10  mg/kg  intravenously  IS  min 
to  the  start  of  bile  collection  and  again 
ay  through  the  1  hr  collection  period, 
ol  animals  received  a  comparable  vol- 
)f  normal  saline.  The  amounts  of  drug 
in  these  experiments  were  selected 
monitoring  maximum  change  in  bile 
and  duration  of  effect  produced  by 
Irug  in  doses  from  10  to  40  mg/kg. 
lowing  each  experiment,  animals  were 
iced  and  liver  wet  weight  determined 
netrically.  Bile  volume  was  deter- 
I  gravimetrically.  Bile  salt  concentra- 
were  measured  using  the  hydroxyste- 
lehydrogenase  method  as  modified  by 
rand  and  Small  (IS).  Sodium  and  po- 
m  concentrations  in  bile  were  mea- 
by  an  IL  Flame  Photometer,  Model 
(Instrumentation  Laboratory,  Inc.). 
^activity  in  bile  and  plasma  was  deter- 
I  in  a  Beckman  LS-345  scintillation 
n  using  the  external  standard  ratios  to 
:t  for  quenching.  Biliary  clearance  of 
:rythritol  was  calculated  as  the  prod- 
f  bile  flow  and  the  ratio  of  bile/plasma 
adioactivity.  Correlations  between  bil- 
[**C]erythritol  clearance  versus  bile 
md  bile  salt  output  and  bile  flow  versus 
m  and  potassium  excretion  were  cal- 
;d  for  individual  animal  experiments 
rol  n  =  5,  Ethacrynic  acid  n  =  7, 
^hylline  n  =  5j,  using  the  method  of 
squares  (16).  The  y-intercept  of  the 
»sion  line  calculated  for  the  relation- 
if  erythritol  clearance  to  bile  acid  out- 
used  to  describe  BSIF  while  the  slope 
;  regression  line  for  this  relationship 
^nts  the  amount  of  choleresis/unit  of 
cid  (BSDF).  Similar  terminology  has 
used  in  the  interpretation  of  the 
»sion  lines  calculated  for  bile  flow  ver- 
liary  Na^  and  K"^  output.  The  unpaired 
tit  t  test  was  used  to  compare  differ- 
in  mean  slopes  and  y-intercepts  be- 
I  two  animal  groups  in  which  linear 


regression  lines  were  calculated  from  data 
attained  from  each  individual  animal  in  the 
group.  Analysis  of  covariance  was  also  used 
to  compare  differences  in  the  composite 
regression  lines  obtained  for  these  compari- 
sons between  the  control  group  of  animals 
and  the  two  drug-treated  groups  (16). 

Results.  Erythritol  clearance  showed  a 
linear  relationship  to  total  bile  flow  in  con- 
trol animals  and  in  both  the  theophylline 
(TH)  and  ethacrynic  acid-treated  (EA) 
groups  (Fig.  1).  Bile/plasma  [**C]ratios  ap- 
proximated unity  and  were  not  significantly 
different  among  the  three  groups  (Control 
1.006  ±  0.040,  TH  0.960  ±  0.084,  EA 
0.973  ±  0.048).  These  data  suggest  that 
bile  flow  was  originating  from  the  hepato- 
cyte  canaliculus  in  all  three  experimental 
groups  and  that  there  was  little  alteration 
of  canalicular  bile  by  ductular  secretion  or 
reabsorption.  However,  TH  and  EA  both 
altered  the  relationship  between  erythritol 
clearance  and  bile  salt  output  as  compared 
to  controls  (Fig.  2  and  Table  I).  Both  agents 
significantly  increased  the  fraction  of  ery- 
thritol clearance  which  was  independent  of 
bile  salt  output  (P  <  0.001).  In  addition, 
theophylline  produced  a  significant  decrease 
in  the  erythritol  clearance  generated  per 
unit  of  bile  salt  secreted  as  compared  to  the 
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Fig.  1 .  Relationship  of  erythritol  clearance  to  bile 
flow  in  control  and  both  experimental  groups  is  linear 
with  a  slope  which  approximates  unity.  No  significant 
difference  exists  for  this  relationship  between  control 
and  either  experimental  group. 
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Fig.  2.  Linear  regression  lines  showing  the  relationship  of  erythritol  clearance  to  bile  acid 
output  in  control  and  experimental  groups.  Bile  salt-independent  flow  (y-intercept)  is  significantly 
increased  by  both  EA  and  TH  treatment  (P  <  0.001).  The  bile  flow  generated  per  unit  bile  acid 
secretion  (slope)  is  significantly  increased  by  EA  {P  <  0.025)  and  significantly  decreased  by  TH 
treatment  (P<  0.001). 


TABLE  I.  Mean  Values  for  Slopes  and  Y-Intercepts  of  Regression  Lines  Calculated  from 

Comparison  of  Erythritol  Clearance  Versus  Bile  Acid  Output  and  Bile  Flow  Versus  Biliary 

NA*  and  K^  Excretion  in  Control.  Ethacrynic  Acid  and  Theophylline  Treatment  Groups." 


Erythritol  clearance  versus  bile  acid  out- 
put* 


Bite  flow  versus  biliary  Na*  excretion 


Bile  flow  versus  biliauy  K*  excrrtioo 


Slope 


Y-intercept 


Slope 


Y-intercept 


Slope 


Y-intercept 


Control  (/I  «^  Sy 
EA  (/I  =  7) 

TH  («  =  5) 


O.UI20±  0.0011 
0.0145  ±  0.(K)I6 

(P<  0.025) 
0.0062  ±  0.{KX)7 

(P<  0.001) 


0.585  ±0.217 
1.254  ±  0.159 

(P<  0.001) 
1.148  ±  0.027 

(P<  0.001) 


0.5385  : 
0.5583  : 


0.0749 
0.0497 


0.5006  ±  0.0543 


0.1297  ±0.0968 
0.1587  ±  0.1087 

0.3120  ±  0.1130 
(P<0.05) 


0.8685  ±  0.1352 
1.0183  ±  0.1010 

1.2129  ±0.2215 
(P<0.05) 


0.1667  ±  0.08M 
0.3535  ±0  1291 

(P<0  05) 
0.41 16  ±0.181.^ 

(P  <  0.05) 


*  P  values  listed  in  parentheses  below  mean  when  significantly  different  from  control  group. 

*  Mean  ±  SD. 

'  Number  of  animals  in  group. 


control  experiments  (P  <  0.001).  Bile  acid 
outputs  for  the  theophylline  experiments 
were  also  somewhat  higher  than  those  seen 
during  similar  bile  salt  perfusion  rates  in 
the  control  and  EA  treatment  groups  (see 
Fig.  2).  It  is  possible  that  TH  has  some 
effect  on  the  transport  of  bile  acids  such 
that  given  levels  of  serum  and  hepatic  bile 
acids  result  in  higher  biliary  bile  acid  out- 
puts after  TH  in  comparison  to  control  or 
EA  treated  animals.  Recalculation  of  the 
linear  regression  line  for  erythritol  clearance 
versus  bile  acid  output  in  the  TH  group 
using  only  values  for  bile  acid  output  similar 
to  those  seen  in  the  control  and  EA  groups 
(<100  nA//min/Gm  liver)  resulted  in  a  slope 
and    y-intercept    which    differed    insignifi- 


cantly from  those  obtained  using  all  the  TH 
data.  Ethacrynic  acid  produced  the  opposite 
effect  of  theophylline  with  more  erythritol 
cleared  per  unit  bile  salt  secretion  than  was 
seen  in  controls  (P  <  0.025).  Separate 
linear  regression  lines  for  erythritol  clear- 
ance versus  bile  acid  output  during  the 
different  rates  of  bile  salt  perfusion  were 
calculated  for  the  ethacrynic  acid  and  theo- 
phylline groups.  This  was  done  to  insure 
that  the  changes  in  erythritol  clearance  per 
unit  bile  salt  secretion  were  not  due  to 
variations  in  degree  of  BSIF  alteration  by 
EA  and  TH  during  different  rates  of  bile 
salt  perfusion.  The  calculated  bile  salt-inde- 
pendent choleresis  induced  by  both  EA  and 
TH  was  similar  for  each  rate  of  bile  salt 
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perfusion,  indicating  that  differences  in  the 
amount  of  bile  generated  per  unit  bile  salt 
secretion  produced  by  these  agents  is  not 
due  to  changes  in  magnitude  of  BSIF  at 
varying  rates  of  bile  salt  perfusion. 

Since  changes  in  active  transport  of  Na^ 
and  K'^  have  been  proposed  as  a  mechanism 
by  which  BSIF  is  generated,  Na^  and  K+ 
biliary  excretion  were  plotted  against  bile 
flow  in  the  three  experimental  groups  (Figs. 
3,4,  Table  I).  Bile  flow  was  linearly  related 
to  total  Na"^  biliary  excretion  in  the  controls 
and  in  both  the  TH  and  EA  animals.  There 
was  no  signiflcant  difference  in  the  amount 
of  bile  flow  generated  per  unit  of  Na^ 
excretion  among  the  three  treatment 
groups.  Little  bile  flow  was  independent  of 
biliary  Na^  excretion  in  the  control  group. 
However,  an  increased  amount  of  bile  flow 
appeared  to  be  independent  of  biliary  Na"*^ 
excretion  in  both  the  TH  and  EA  groups, 
and  this  increased  Na"*^  independent  bile 
flow  in  the  theophylline  group  differed  sig- 
nificantly from  that  seen  in  the  control 
group  (P  <  0.05).  Both  TH  and  EA  pro- 
duced similar  changes  from  the  control 
group  in  relationship  of  bile  flow  to  biliary 
K"^  excretion.  Significantly  more  bile  was 
secreted  per  unit  of  biliary  K"*^  excreted  in 
the  theophylline  group  as  compared  to  the 
control  group  (P  <  0.05),  and  this  compar- 


ison approached  significance  in  the  etha- 
crynic  acid-treated  group  (P  >  0.05).  Both 
agents  produced  a  significant  increase  in 
KMndependent  bile  flow  (P  <  0.05). 

Discussion,  In  this  study  both  theophyl- 
line, a  phosphodiesterase  inhibitor  which 
would  be  expected  to  elevate  intracellular 
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Fig.  4.  Linear  regression  equations  for  bile  flow 
versus  biliary  K*  excretion  show  that  the  bile  flow  per 
unit  K*  excretion  (slope)  is  increased  by  both  EA  (P 
>  0.05)  and  TH  (P  <  0.05).  Both  agents  also  pro- 
duced an  increase  in  bile  flow  independent  of  biliary 
K^  excretion  (P  <  0.05). 
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Fig.  3.  Comparison  of  the  relationship  of  bile  flow  to  biliary  Na*  excretion  shows  no  significant 
differences  among  the  control  and  experimental  groups  for  the  volume  of  bile  flow  generated  per 
unit  Na^  excreted.  Bile  flow  independent  of  biliary  Na*  excretion  (y-intercept)  was  increased  in 
both  the  EA  and  TH  groups,  and  this  increase  was  statistically  significant  for  TH  (P  <  0.05). 
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levels  of  cAMP,  and  ethacrynic  acid,  a  Na"*^- 
K^-ATPase  inhibitor,  produced  approxi- 
mately equivalent  increases  in  in  vivo  BSIF 
in  the  rat.  While  biliary  excretion  of  TH 
and  EA  was  not  measured  in  this  study,  it 
is  unlikely  that  the  osmotic  effect  of  either 
drug  or  its  metabolites  accounts  for  these 
increases  in  BSIF  and  alterations  in  biliary 
electrolyte  excretion.  Measurement  of  bili- 
ary TH  in  dogs  indicates  that  amounts  ex- 
creted into  bile  are  insufficient  via  their 
osmotic  effects  to  account  for  the  increase 
in  bile  flow  produced  by  this  agent  (5,  6). 
A  recent  report  suggested  an  osmotic  mech- 
anism for  EA-induced  choleresis  in  the  rat 
(17),  but  a  comprehensive  study  of  hepatic 
metabolism  and  biliary  excretion  of  EA  in 
the  rat  showed  asynchronism  between  the 
choleretic  effect  of  EA  and  its  appearance 
in  bile  (18). 

Proposed  mechanisms  involved  in  the 
generation  of  BSIF  have  centered  primarily 
around  cAMP  and  Na^-K^-ATPase.  Pro- 
ponents of  a  role  for  cAMP  point  to  the 
increased  BSIF  induced  by  TH  in  dogs  (5, 
6)  and  increased  bile  flow  in  both  dogs  and 
humans  in  response  to  glucagon  which  en- 
hances intracellular  concentration  of  cAMP 
(19,  20).  Since  active  Na"*^  transport  in  other 
cell  membranes  is  associated  with  changes 
in  Na^-K+-ATPase  and  this  enzyme  has 
been  isolated  from  rat  liver  homogenates 
(21,  22),  other  investigators  favor  altera- 
tions in  Na"^-K'*^-ATPase  as  the  mechanism 
responsible  for  changes  in  BSIF  (8-10). 
Both  TH  and  EA  increased  BSIF  in  this 
study  and  both  agents  produced  similar 
changes  in  the  relationship  of  bile  flow  to 
biliary  K"^  excretion  which  included  an  in- 
crease in  bile  flow  per  unit  K"*^  excretion 
and  an  increase  in  bile  flow  independent  of 
K^  excretion.  This  suggests  that  at  least 
some  part  of  the  increased  BSIF  produced 
by  both  agents  is  due  to  alterations  in  elec- 
trolyte transport.  It  is  conceivable  that  TH 
induces  changes  in  Na"*^-K^-ATPase  to  ac- 
count for  its  stimulatory  effect  of  BSIF  or 
that  EA  produces  alterations  in  intracellular 
cAMP  levels.  It  remains  to  test  these  drugs 
in  this  regard.  However,  it  is  quite  likely 
that  production  of  BSIF  is  dependent  on 
multiple  mechanisms  and  that  both  the 
cAMP  and  Na'*^-K'*^-ATPase  systems  are  im- 


portant in  the  generation  of  bile  flow  inde- 
pendent of  bile  salt  secretion. 

In  addition  to  its  effect  on  BSIF,  TH  also 
altered  bile  salt-dependent  bile  flow  by  de- 
creasing the  volume  of  bile  secreted  per 
unit  of  bile  salt  secretion.  Several  possible 
mechanisms  could  explain  this  change. 
Theophylline  can  produce  vasoconstriction 
with  resultant  reduction  in  hepatic  plasma 
flow.  While  generation  of  BSIF  appears  to 
be  independent  of  wide  fluctuations  in  he- 
patic plasma  flow  (23),  the  effects  of  de- 
creased hepatic  plasma  flow  on  generation 
of  BSDF  have  not  been  carefully  examined. 
Theophylline-induced  alteration  of  bile  salt- 
cation  interrelationships  might  also  explain 
the  decreased  bile  flow  generated  per  unit 
bile  salt  secretion.  It  has  been  shown  that 
activity  coefficients  for  Na"^  and  K+  in  bile 
salt  solutions  are  less  than  the  correspond- 
ing values  one  could  expect  in  NaCl  and 
KCl  solutions  (24).  Loss  of  osmotic  activity 
resulting  from  changes  in  bile  salt-cation 
interaction  produced  by  TH  could  account 
for  the  decreased  bile  flow  generated  per 
unit  bile  salt  secretion.  In  contrast  to  theo- 
phylline, ethacrynic  acid  produced  an  op- 
posite effect  with  increased  bile  flow  per 
unit  bile  salt  secretion  when  compared  to 
controls.  In  a  study  of  the  effects  of  EA  on 
bile  flow  in  multiple  animal  species,  Shaw 
also  found  an  increased  bile  flow  per  unit 
bile  salt  output  (13).  However,  no  erythritol 
clearances  were  performed  in  this  study  and 
the  data  was  not  subjected  to  statistical 
analysis.  These  data  suggest  that  the  mech- 
anism for  generation  of  BSDF  may  not  be 
as  simplistic  as  has  been  previously  postu- 
lated. 

Summary.  Both  theophylline,  a  phospho- 
diesterase inhibitor,  and  ethacrynic  acid,  a 
Na"^-K"*^-ATPase  inhibitor,  produced  similar 
increases  in  BSIF  in  the  rat.  Whereas  theo- 
phylline significantly  decreased  BSDF,  eth- 
acrynic acid  increased  BSDF.  These  results 
suggest  that  the  mechanism  responsible  for 
generation  of  both  BSIF  and  BSDF  are 
multifactorial  and  further  study  will  be  nec- 
essary to  define  them. 

Portions  of  this  work  were  performed  in  the  Division 
of  Hematology,  Walter  Reed  Army  Institute  of  Re- 
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An  in  Vitro  Transformation  Assay  for  SiSV-1  and  HL23V  Using  Feline  Embry 
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Simian  sarcoma  virus  (SiSV-1)  was  first 
observed  in  and  isolated  from  a  fibrosar- 
coma of  a  woolly  monkey  (1-3),  and  has 
been  shown  to  produce  fibrosarcomas  in 
newborn  marmosets  (2).  Furthermore,  sev- 
eral culture  lines,  including  marmoset,  hu- 
man, cat,  and  rat  cells  were  reported  to  be 
susceptible  to  transformation  by  this  virus 
(3-5). 

HL23V  was  isolated  from  the  cultured 
peripheral  blood  and  bone  marrow  leuko- 
cytes of  a  patient  with  acute  myelogenous 
leukemia  and  was  shown  to  be  infectious 
for  a  wide  variety  of  cell  lines  (6-8).  An 
isolate  of  HL23V  has  the  ability  to  induce 
tumors  in  marmosets  and  transform  cul- 
tured marmoset  cells  (9)  and  has  been 
shown  to  be  a  mixture  of  viruses  related  to 
both  SiSV-1  and  baboon  endogenous  virus 
(10-12).  Two  other  primate  type-C  viruses 
used  in  this  study,  baboon  endogenous  vi- 
ruses (BaEV)  (13-15)  and  gibbon  ape  leu- 
kemia virus  (GaLV)  (16-18)  have  been 
shown  to  be  nontransforming  for  a  number 
of  cultured  cell  lines. 

In  this  report  the  focus-formation  titer  of 
SiSV-1  and  HL23V  on  feline  embryo  fibro- 
blast cells  is  compared  to  that  using  other 
commonly  used  cell  lines,  including;  normal 
rat  kidney;  rat  embryonic  fibroblast;  and 
several  cultures  of  primate  origin .  Transfor- 
mation by  these  viruses  was  found  to  be 
substantially  more  rapid  and  sensitive  when 
FEF  cells  are  used.  A  similar  observation 
was  recently  reported  by  Sarma  and  Law 
(19). 

^  On  Temporary  Leave  of  Absence  from:  Bowman 
Gray  School  of  Medicine,  Wake  Forest  University, 
Department  of  Medicine  and  Medical,  Microbiology 
and  Immunology,  Winston-Salem,  North  Carolina 
27103. 

^  Laboratory  of  Tumor  Cell  Biology,  National  Can- 
cer Institute,  National  Institutes  of  Health,  Bethesda, 
Maryland  20014. 


Materials  and  methods.  Cells  and  v 
The  various  cell  cultures  and  viruse 
in  this  study  are  described  in  Table 
cells  were  grown  in  McCoy's  5A  m< 
media  (Gibco,  Grand  Island,  NY)  s 
mented  with  10%  heat  inactivatec 
bovine  serum  (Reheis  Chemical  Cor 
Phoenix,  Arizona)  and  carried  in 
3024  culture  flasks  at  3T  and  5%  C( 
humid  atmosphere.  Cultures  were  t 
ized  and  passaged  every  4-5  days  as  i 
using  a  0.25%  trypsin-EDTA  s< 
(Gibco,  NY).  Virus  and  cell  stock: 
stored  in  liquid  nitrogen. 

Transformation  assay.  Cells  to  be  ir 
were  seeded  at  5  x  10^  per  60  mm  < 
dish  (Falcon  8083)  or  7  x  10^  per  w. 
24  well  Linbro  Plate  (Linbro  Sci( 
Inc.,  Hamden,  CO).  Cultures  wen 
treated  as  follows:  at  5-18  hr  postsc 
fluid  was  replaced  with  25  /ng/ml  E 
Dextran  (Pharmacia,  lot  #273- 
McCoy's  5A  unsupplemented  medii 
cubated  at  37**  for  30  min,  and  then 
twice  with  phosphate  buffered  saline 
Int.  Biological  Lab.,  Inc.,  Rockville. 
Serial  tenfold  dilutions  of  virus  or  < 
media  (0.5  ml  per  60  mm  dish  or 
per  Linbro  well)  were  added  to  du 
cultures  for  1  hr  at  37**.  After  virus  z 
tion,  complete  medium  was  added  a 
tures  incubated.  Twenty- four  hour 
infection,  NRK-infected  cells  were  cl 
to  medium  containing  5%  serum,  an< 
cells  were  refed  with  and  maintai 
regular  growth  medium.  All  culture 
carefully  monitored  to  maintain  a 
pH.  Foci  were  counted  at  the  fol 
times  after  infection  of  the  indicat 
lines:  feline  embryonic  cells,  3-4  day? 
cells,  7-8  days;  and  all  other  cell  lii 
10  days.  After  optimum  focus  develo 
all  monolayers  were  rinsed  with 
stained  for  5  min  with  a  mixture  of 
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TABLE  I.  Cells  and  Viruses. 


Cells 


Designa- 
tion 


Source 


Bat  lung 

Fetal  canine  thymus 
Feline  embryo  fibroblast 
Feline  embryo  fibroblast 
Feline  embryo  fibroblast 

CCL88 

Cf2Th« 

FEF-1 

FEF-2 

FEF-3 

Feline  embryo  fibroblast 

FEF-4 

Feline  embryonic  tongue  fibroblast 
Human  embryo  fibroblast 

CCL176 
PTA-11 

Human  embryo  fibroblast 

WHE-2 

Human  foreskin  fibroblast 

HFF 

Marmoset  skin  fibroblast 

HF 

Marmoset  skin  fibroblast 

MFS 

Marmoset  lung  fibroblast 

1283 

Rat  embryo  fibroblast  (Fisher) 
Rat  embryo  fibroblast  (Fisher) 
Normal  rat  kidney 

RE-1 
RE-2 
NRK-P 

Normal  rat  kidney 

Normal  rat  kidney 
Normal  rat  kidney 


NRK-2* 

NRK-3* 
NRK-4* 


ATCC,  Rockville,  MD. 

Naval  Biological  Laboratories,  Oakland,  CA. 

Dr.  P.  Sarma,  NIH.  Bethesda,  MD.  (#D843) 

Dr.  S.  Ruscetti,  NIH,  Bethesda,  MD. 

Dr.  J.  Whitman,  HEM  Research.  Rockville,  MD. 

(FEE-#6) 
Naval   Biological    Laboratories,   Oakland,   CA. 

(FC113) 
ATCC,  Rockville,  MD. 
Dr.  R.  C.  Gallo,  Lab.  of  Tumor  Cell  Biol.,  NCI, 

Bethesda,  MD. 
Dr.  R.  C.  Gallo,  Lab.  of  Tumor  Cell  Biol.,  NCI, 

Bethesda,  MD. 
Drs.  F.  Deinhardt  and  C.  Bergholz,  Rush-Pres- 

byterian-St.  Lukes  Med.  Center,  Chicago,  IL. 
Drs.  F.  Deinhardt  and  C.  Bergholz,  Rush-Pres- 

byterian-St.  Lukes  Med.  Center,  Chicago,  IL. 
Drs.  F.  Deinhardt  and  C.  Bergholz,  Rush-Pres- 

byterian-St.  Lukes  Med.  Center,  Chicago,  IL. 
Drs.  F.  Deinhardt  and  C.  Bergholz,  Rush-Pres- 

byterian-St.  Lukes  Med.  Center,  Chicago,  IL. 
Dr.  R.  Ting,  Biotech,  Rockville,  MD.  (#112) 
Dr.  R.  Ting,  Biotech,  RockviUe,  MD.  (#810) 
Dr.  R.  Ting,  Biotech,  Rockville,  MD.  (Clone 

#153-S) 
Dr.  R.  Ting,  Biotech,  Rockville,  MD.  (Gone 

#13) 
Dr.  R.  Ting,  Biotech,  Rockville,  MD. 
Dr.  R.  Bassin,  NIH,  Bethesda,  MD.  (#D173HC) 


Viruses 


Designa- 
tion 


Source 


Baboon  endogenous  virus  (M7) 
Gibbon  ape  leukemia  virus 

Human  leukemia  virus  (HL23V) 

Simian  sarcoma  virus 


BaEV*-  Dr.  G.  Todaro,  NIH,  Bethesda,  MD. 

GaLVH**         Dr.  R.  C.  Gallo,  Lab.  of  Tumor  Cell  Biol.,  NCI, 

Bethesda,  MD. 
HL23V'         Drs.  R.  Gallagher  and  R.  Gallo,  NIH,  Bethesda, 

MD. 
SiSV-r  Drs.  F.  Deinhardt  and  C.  Bergholz,  Rush-Pres- 

byterian-St.  Lukes  Med  Center,  Chicago,  IL. 


"  Normal  fetal  canine  thymus  (Cf2Th)  described  by  Nelson-Rees^/  a/.  (20). 

*  Normal  rat  kidney  cells  described  by  Due-Nguyen  et  al.  (21). 

'  Baboon  endogenous  virus  (14)  maintained  in  chronically  infected  dog  thymus  cells  (20). 

"  Virus  isolate  (GaLV„)  (Galfe,  R.  C,  Gallagher,  R.  E.,  Wong-Staal,  F.,  Aoki,  T., 
Schetters,  H.,  Ruscetti,  F.,  Valerio,  M.,  Saxinger,  W.  C,  Smith,  R.  G.,  Gillespie,  D.  H., 
Virology,  in  press,  Feb.  1978),  passed  to  and  produced  in  bat  lung  cells  (CCL88). 

'  HL23VI-lplO  (6-8)  isolated  and  passed  in  dog  thymus  cells. 

'  SiSV  (2)  grown  in  marmoset  cells  and  passed  to  and  produced  in  bat  lung  cells  (CCL88). 


Markham,  P. 
and  Reitz,  M 


D., 
S., 


(Harelco,  Phila.,  PA)  and  methanol  (abso- 
lute) and  rinsed  with  tap  water.  The  focus 
forming  titer  of  each  virus  was  calculated 
from  the  average  number  of  foci  on  cultures 
infected  with  the  serially  diluted  virus. 

Transformation  assay  under  agar.  Assays 
were  done  in  cluster  dishes  (Falcon  3004, 
35  mm  x  4  wells  per  dish)  in  quadruplicate. 
Cells  were  seeded  (3  x  10*  per  well)  and 
allowed  to  incubate  for  approximately  18 
h.  Cultures  were  then  infected  and  allowed 


to  incubate  for  an  additional  20  hr  at  37"* 
and  5%  COj.  At  this  time  culture  fluid  was 
removed  and  the  culture  overlayed  with  2.5 
ml  of  0.3%  agar  (Difco  Lab.,  Detroit)  dis- 
solved in  McCoy's  5A  media  supplemented 
with  15%  fetal  bovine  serum.  The  cultures 
were  carefully  monitored  for  optimum  focus 
formation  for  approximately  8  days. 

Serum  neutralization.  Immune  serum  and 
virus  were  diluted  in  unsupplemented 
McCoy's    5 A    medium,    mixed    in    equal 
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amounts,  and  incubated  for  4  hr  at  4**  prior 
to  adsorption  to  monolayers  according  to 
procedures  described  above.  Goat  anti- 
SiSV-1  serum  raised  against  virus  infected 
cells  was  obtained  from  Dr.  C.  Bergholz 
(Rush-Presbyterian-St.  Lukes  Medical  Cen- 
ter, Chicago,  IL.). 

Viral  interference  assay.  Cultures  were 
infected  as  described  above  with  sequential 
one  to  ten  dilutions  of  the  virus  stock  ex- 
tending beyond  the  transforming  endpoint 
of  the  virus.  Infected  cultures  were  subcul- 
tured  at  confluency  three  times  and  chal- 
lenged using  procedures  described  above 
with  a  known  titer  of  transforming  virus.  A 
90%  reduction  in  the  number  of  foci  pro- 
duced on  the  challenged  cultures  compared 
to  that  on  control  cultures  was  interpreted 
as  being  positive  for  interference. 

Viral  DNA  polymerase  assay.  Culture 
fluids  were  monitored  for  viral  DNA  po- 
lymerase activity,  using  (dT)j5.is'(A)„  and 
(dT),5.,8-  (dA)„  as  primer-templates  (7). 

Results.  Several  cell  lines  were  compared 
in  their  sensitivity  to  transformation  by  sev- 
eral primate  type-C  viruses.  The  results  of 
one  experiment  are  shown  in  Table  II  and 
are  representative  of  data  obtained  in  a 
number  of  experiments  using  the  cell  lines 
shown,  as  well  as  with  several  other  human 
embryonic  cell  lines.  Conditions  needed  for 
each  virus  and  cell  line  to  yield  optimum 
transformation  had  been  previously  deter- 
mined. The  NRK-1  and  RE-1  cell  lines 
used  in  this  study  had  been  preselected  for 


TABLE  II.  Comparison  of  the  Transforming 

Titer  of  Four  Primate  RNA  Tumor  Viruses  on 

Several  Cell  Lines. 


Virus- 

SiSV-1 

HL23V 

X  10^ 

X  10*       GaLV„ 

BaEV 

Cell"  (b) 

ffu/ml 

ffu/ml        ffu/ml 

ffu/ml 

FEF-1  (37) 

11 

4.2                0 

0 

NRK-1  (14) 

5 

1.5                0 

0 

RE-1  (3) 

7 

3.9                0 

NT 

PTA-11(9) 

0.1 

ND               0 

0 

WHE-2  (14) 

0.1 

ND             ND 

0 

HFF(22) 

1.2 

0.9                0 

0 

HF(29) 

0.1 

0.02              0 

0 

1283(22) 

0.1 

0.04              0 

0 

MFS(15) 

ND 

0.003          ND 

ND 

"  Cells  and  viruses  are  described  in  Table  I. 
*  Passage  level. 


their  sensitivity  to  transformation  by  SiSV- 
1  (R.  Ting,  personal  communication).  As 
seen  in  Table  II,  SiSV-1  or  HL23V  were 
able  to  induce  foci  in  all  of  the  cell  lines 
tested,  whereas  GaLV„  and  BaEV  gave  no 
indication  of  transforming  any  of  the  tested 
cell  lines  as  expected  from  previous  reports 
(13-18).  The  viruses  SiSV-1,  HL23V,  and 
GaLVH  were  able  to  replicate  in  all  cell 
lines  shown,  whereas  BaEV  gave  no  indica- 
tion of  replicating  in  the  NRK,  RE,  or  FEF 
cells.  This  information  was  obtained  by  con- 
tinued subculturing  of  infected  cultures 
through  at  least  five  passages  and  assaying 
for  the  release  of  virus  by  testing  for  extra- 
cellular viral  DNA  polymerase  activity. 

In  these  preliminary  studies,  two  obser- 
vations were  noteworthy.  One  was  the  dif- 
ference in  transforming  titers  of  virus  stocks 
when  compared  on  the  different  cell  lines. 
The  other  was  the  comparative  rapidity  of 
the  assay  when  FEF-1  cells  were  used.  In 
this  regard,  foci  were  completely  developed 
and  ready  for  counting  by  the  third  or  fourth 
day  after  infection  of  FEF-1  cells,  whereas 
all  other  cell  lines  required  from  7  to  10 
days  to  give  maximum  focus  development. 

To  further  test  the  apparently  higher  sen- 
sitivity of  the  FEF-1  cells  to  transformation 
by  SiSV-1  and  HL23V,  a  number  of  exper- 
iments were  conducted  comparing  selected 
cell  lines  using  standard  stocks  of  virus.  In 
Table  III  the  transforming  titer  of  virus  on 
each  cell  line  tested  is  expressed  as  a  per- 
centage of  the  titer  obtained  on  FEF-1  cells 
used  as  a  control  in  each  experiment.  Each 
percentage  recorded  represents  an  inde- 
pendent experiment.  For  example,  in  four 
independent  experiments,  SiSV-1  gave  titers 
on  NRK-l  cells  24,  50,  55,  and  10%  of 
those  obtained  using  FEF-1  cells.  Experi- 
ments were  considered  valid  only  when  viral 
stocks  gave  the  expected  titer  on  the  FEF-1 
control  cells,  i.e.,  10^-10*  ffu/ml  for  SiSV-1 
and  10^-104  ffu/ml  for  HL23V. 

As  mentioned  above,  the  NRK-1  and 
RE-1  cultures  were  specifically  selected  be- 
cause of  their  sensitivity  to  transformation 
by  SiSV-1 .  This  is  apparent  from  the  results 
shown  in  Table  III  where  a  number  of  NRK 
cultures  and  one  other  RE  cell  line  was 
used. 

To  determine  if  the  sensitivity  to  transfor- 
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3LE  III.  SENsmvmr  of  Selected  Cell 
TURES  TO  Transformation  by  SiSV  and 
HL23V  Relative  to  FEF-1.° 


Virus* 

»•  (c) 

SiSV-1  (%) 

HL23V  (%) 

0-45) 

100 

100 

-5)" 

68;63 

74;75 

) 

3 

6 

^6) 

ND 

55;81 

•(17-20) 

10;8 

ND 

13-15) 

24;50;55;10 

17;33;33;38;38 

25-27) 

0.5;0.3 

16;6 

3-5)- 

0.7;0.8 

12;15 

137-142) 

0.8;0.8 

10;13;16;18 

5) 

62;45;65 

150;47;93 

6) 

4 

10;14 

(9-12) 

1.0;2.0;1.1 

<1.0;<1.0 

12-21) 

1.1;1.0;1.0 

<1.0;<1.0 

-30) 

11;25;11 

22;42;39;19 

n) 

3.6;1.2;1.1 

0.5;0.7 

-25) 

1.1;5.4;1.2 

1.1;0.7 

-17) 

ND 

0.1;0.7 

focus  forming  titer  of  each  virus  is  expressed 
ent  of  that  obtained  using  FEF-1  cells  as  the 
x>ntrol  in  each  experiment.  Each  percentage 
:s  an  independent  experiment. 
s  and  viruses  described  in  Table  I . 
range  of  passage  levels  used  during  the  course 
itudies. 

passage  level  history  is  not  known.  Cultures 
saged  the  indicated  number  of  times  in  our 

y- 

Not  done. 

observed  for  FEF-1  was  generally 
feline  cells,  other  feline  cell  lines 
JO  included  in  our  comparative  trans- 
on  Studies  (shown  in  Table  III).  Of 
:  feline  embryonic  cell  lines  tested, 
1  a  sensitivity  to  transformation  by 
and  HL23V  comparable  to  FEF-1. 
comparative  transforming  titer  of 
and  HL23V  on  three  human  embry- 
:ll  lines  and  three  cell  cultures  of 
set  origin  is  also  illustrated  in  Table 
th  the  exception  of  the  human  fore- 
)roblast  (HFF)  cells  these  cultures 
^proximately  100-fold  less  sensitive 
iF-1.  The  sensitivity  of  the  HFF  cell 
ransformation  by  SiSV-1  and  HL23V 
tantially  greater  than  several  other 
:  cell  lines  that  have  been  tested  and 
ven  to  be  very  useful  in  the  study  of 
ruses. 

;w  of  the  apparent  higher  sensitivity 
'  cells  to  transformation  by  SiSV-1 
!-23V  compared  to  other  cell  lines 


tested,  it  was  important  to  rule  out  the 
possibility  that  the  difference  was  due  to 
nonspecific  or  secondary  focus  develop- 
ment. In  this  regard,  the  FEF-1  cells  did 
not  give  any  indication  of  spontaneous  focus 
development  under  the  conditions  of  our 
assay.  Not  only  were  numerous  mock  in- 
fected controls  consistently  negative,  but 
also  cultures  treated  with  non-transforming 
viruses  gave  no  indication  of  focus  devel- 
opment (Table  III).  Furthermore,  SiSV-1 
induced  focus  development  was  completely 
neutralized  by  antiserum  prepared  in  goats 
against  SiSV-1  (Table  IV).  The  virus  pro- 
duced by  SiSV-1  transformed  FEF  cells 
retains  its  ability  to  induce  foci  on  normal 
FEF  cell  lines  (data  not  shown),  however, 
it  is  unlikely  that  the  development  of  sec- 
ondary foci  is  responsible  for  the  increased 
number  of  foci  seen  since  under  the  condi- 
tions of  our  assay  on  FEF  the  optimum 
focus  development  coincides  with  the  cells 
reaching  confluency  and  both  occurred  very 
rapidly,  i.e.,  by  the  third  or  fourth  day  after 
infection.  Also,  as  shown  in  Table  V,  under 
the  conditions  of  the  focus  assay  used,  it 
was  not  necessary  to  use  an  agar  overlay  to 


TABLE  IV.  Neutralization  of  SiSV-1  Induced 
Foci  on  FEF-1  by  ANTi-SiSV-1  Serum." 


Number 

%  Reduc- 

Serum 

foci* 

tion 

None 

77 

0 

Immune  serum      1:10 

0 

100 

dilution               1:100 

0 

100 

1:200 

4 

95 

1:300 

54 

30 

"  Viral  stocks  were  preincubaled  with  or  without 
dilution  of  immune  serum  and  assayed  for  transforming 
activity  as  described  in  Materials  and  methods . 

*  Average  of  duplicate  cultures. 


TABLE  V.  Transformation  of  FEF-1  Cells 
wrrH  OR  WFTHOUT  Agar  Overlay. 

Virus" 


SiSV-1  X  10*ffu/ml* 


HL23V  X  lO^ffu/ml* 


Agar  No  Agar 

Day  3      Day  8      Day  3 
3.50        3.75        3.12 


Agar  No  Agar 

Day  3      Day  8      Day  3 
1.26         1.50         1.98 


°  Virus  and  cells  are  described  in  Table  I. 

*  The  virus  titer  was  calculated  from  the  average  of 
quadruplicate  dishes  counted  on  the  indicated  number 
of  days  post  infection . 
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avoid  secondary  or  satellite  focus  develop- 
ment. 

Discussion.  A  number  of  cell  lines  were 
compared  for  efficiency  of  transformation 
by  SiSV-1  and  HL23V.  The  assay  was  con- 
sistently more  rapid  and  sensitive  with  fe- 
line embryonic  cells  than  with  rat  (NRK 
and  RE)  or  several  human  and  marmoset 
cell  lines.  The  results  obtained  with  FEF-1 
cells  are  apparently  not  unique  to  one  spe- 
cific feline  embryonic  cell  line  since  two 
other  cultures  gave  comparable  results.  Fe- 
line embryonic  cells  have  been  previously 
reported  to  be  four  times  more  sensitive 
than  marmoset  cells  to  transformation  by 
feline  sarcoma  virus  (22). 

The  basis  for  the  enhanced  sensitivity  of 
feline  embryonic  cells  to  transformation  by 
SiSV-1  and  HL23V  is  not  known,  but  it  is 
likely  related  to  relative  differences  in  sus- 
ceptibility to  infection  by  the  viruses,  rather 
than  a  difference  in  expression  of  viral  trans- 
forming information.  This  is  implied  by  the 
data  in  Table  VI,  which  demonstrates  that 
the  titers  of  both  the  transforming  and  non- 
transforming  components  of  SiSV-1  are 
shifted  proportionally  downward  on  human 
embryonic  cells  (PTA-11)  compared  to 
FEF-1  cells. 

The  mechanisms  responsible  for  the  ob- 
servation that  feline  and  rat  cells  are  more 
sensitive  than  are  the  other  cells  studied  to 
infection  and/or  transformation  by  some 
type-C  viruses  are  not  known,  but  a  contrib- 
uting factor  could  be  that  they  both  contain 
inducible  endogenous  viral  information  (23). 

Both  SiSV-1  and  HL23V  behaved  in  a 
similar  manner  in  transformation  experi- 


ments with  respect  to  time  needed  for  max- 
imum focus  development  and  morphology 
of  the  induced  foci.  The  foci  induced  by 
HL23V  or  SiSV-1  were  densely  packed, 
stellate  arranged,  and  fusiform  (Fig.  1).  On 
the  other  hand,  foci  induced  on  feline  em- 
bryonic cells  by  feline  sarcoma  virus,  are 
reported  to  have  a  distinctly  different  mor- 
phology (less  dense,  flat,  round,  or  fusiform 
[22]).  Another  similarity  between  the  vi- 
ruses (Table  VI)  is  that  the  non-transform- 
ing components  of  both  SiSV-1  and  HL23V 
are  present  at  an  approximately  two  logs 
higher  titer  than  the  transforming  compo- 
nent. The  same  is  also  true  for  SiSV-1  tested 
on  PTA-11  cells.  A  possible  difference  be- 
tween the  two  viruses  (SiSV-1  or  HL23V) 
was,  however,  seen  in  their  transformation 
behavior  on  rat  cells  compared  to  that  on 
FEF  cells  (Table  III).  With  the  exception 
of  the  NRK-1  cultures,  HL23V  was  consist- 
ently more  efficient  in  its  ability  to  trans- 
form the  rat  cell  lines  relative  to  FEF-1 
than  wasSiSV-1. 

In  conclusion,  transformation  assays  us- 
ing FEF  cells  offers  several  advantages  over 
other  commonly  used  cell  lines.  The  rapidity 
of  focus  development,  i.e.,  3-4  days  versus 
7-10  days,  could  facilitate  progress  in  ex- 
periments involving  the  use  of  large  num- 
bers of  focus  assays.  Also,  the  increased 
sensitivity  of  the  cells  to  infection  by  type-C 
viruses  could  be  critical  when  low  levels 
of  viral  activity  may  be  present.  Finally, 
FEF  cells  have  also  been  found  to  be  target 
for  a  mixed  cell  syncytial  (24,  25)  assay 
with  XC  cells  (our  personal  observations). 
This,  therefore,  permits  the  assay  and  study 


TABLE 

VI.  Titer  of  Transforming  and  Nontransforming  AcnvrriES 

OF  SiSV-1  and  HL23V.° 

Activity 

Initial  SiSV-1  dilution 

Initial  HL23V  dilution 

Cell*  (c) 

io-»  10-*  io->  10-*  io-»  io-«  10-^ 

10-»    10-«    10-»    lO--*    10* 

FEF-1  (35) 
PTA-11  (10) 

Transformation  •* 
Interference' 
Transformation*' 
Interference' 

+        +        +        +        0         0         0 
+        +        0 
•f        +        0         0         0 
+        +        0 

+        +        +        00 

+      + 

°  Serial  tenfold  dilutions  of  each  virus  was  used  to  infect  cell  cultures.  Transformed  cultures  were  noted  and 
all  cultures  were  subcultured  three  times,  before  challenging  with  a  known  transforming  titer  of  vims. 

*  Cells  and  viruses  are  described  in  Table  I . 

^  Passage  level. 

^  +  indicates  cultures  containing  viral  induced  foci;  0  indicates  no  transformation. 

'  +  indicates  at  least  90%  reduction  of  foci  in  challenged  cultures  compared  to  control  cultures,  i.e..  positive 
interference;  0  indicates  transformation  comparable  to  control  cultures,  i.e.,  no  interference. 
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1 .  Normal  and  HL23V  transformed  feline  embryonic  fibroblast  cells.  FEF-1  were  infected  with  HL23V 
nd  stained  with  giemsa  methanol  as  described  in  Materials  and  methods.  Uninfected  FEF-1  cells,  x410 
nsformed  FEF-1  cells.  xl20  (b),  and  x410  magnification  (c). 
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of  transforming  and  nontransforming  virus 
titers  on  the  same  culture.  Rat  cell  lines 
have  been  used  in  XC  syncytial  assay  with 
these  and  other  mammalian  viruses  (7,  25) 
but  have  not  been  suitable,  in  our  hands, 
for  use  with  these  viruses. 

Summary.  Feline  embryo  fibroblast  cells 
were  found  to  be  very  sensitive  to  transfor- 
mation by  the  primate  RNA  tumor  viruses, 
simian  sarcoma  virus  (SiSV-1)  and  HL23V, 
a  virus  isolated  from  the  leukemic  myelo- 
blasts of  an  AML  patient.  In  vitro  transfor- 
mation of  feline  embryo  fibroblast  cell  cul- 
tures with  these  viruses  was  2  to  100  x 
more  efficient  than  when  performed  on  the 
normal  rat  kidney  (NRK)  or  rat  embryo 
fibroblast  cell  lines  commonly  used  for 
SiSV-1  transformation  studies.  Several  cell 
lines  of  marmoset  and  human  origin  were 
also  observed  to  be  less  sensitive  to  trans- 
formation by  these  viruses.  Furthermore 
focus  development  on  feline  embryonic 
fibroblast  cultures  required  only  3-4  days 
compared  to  7-10  days  needed  using  rat  or 
primate  cultures. 
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epression  in  the  activities  of  several 
1  giycohydrolases  has  been  reported  in 
streptozotocin-diabetic  rats  and  postu- 
i  to  be  a  contributory  factor  leading  to 
oangiopathy  (1).  Thickening  of  capil- 
basement  membrane  is  widely  regarded 
le  basis  of  diabetic  microangiopathy  and 
related  difference  has  been  observed  in 
width  of  muscle  capillary  basement 
ibrane  in  humans  (2).  This  investigation 
efore  was  performed  to  determine  if 
dependent  variation  in  the  levels  of 
1  giycohydrolases  also  exists  in  two 
ly  inbred  lines  of  Chinese  hamsters, 
with  spontaneous  glycosuria  and  hyper- 
emia. 

aterials  and  methods.  The  animals  were 
:ted  from  a  Chinese  hamster  colony 
itained  for  the  production  of  geneti- 
'  diabetic  animals  (3).  The  M  line  has 
luced  only  aglycosuric  offspring  in  the 
ten  generations  and  the  XA  line  con- 
sd  over  90%  glycosuric  animals.  The 
lals  of  the  XA  line  used  in  this  study, 
ever,  were  all  glycosuric. 
fter  exsanguination  through  orbital 
s,  the  kidneys  were  removed  and  ho- 
;enized  in  9  vol  of  chilled  buffer  contain- 
0.45  M  sucrose,  0.68  mAf  EDTA  ad- 
5d  to  pH  7.0  with  0.5  Af  NaOH  in 
er-Elvehjem  vessel.  The  homogenates 
I  centrifuged  at  12,000g  for  20  min. 
pellets  were  washed  once  with  the  same 
er,  suspended  in  9  vol  (tissue  weight) 
)u£fer,  frozen  and  thawed  thrice  and 
togenized  in  a  Polytron  homogenizer/ 
itegrator  at  a  setting  of  seven  for  15 

Nitrophenyl  derivatives  were  used  as 
itrates  for  glycohydrolase  assays  at  a 
rentration  of  5.26  mAf  in  a  buffer  made 
djusting  0.1  Af  Na2HP04  to  desired  pH 
0.05  M  citric  acid.  N- Acetyl- /3-D-hex- 
ninidase,  a-galactosidase  and  /3-galac- 


tosidase  were  assayed  at  pH  4.5,  cr-gluco- 
sidase  at  6.5  and  )3-glucosidase  at  5.5.  The 
assays  followed  the  procedure  of  Felton  et 
al.  (4)  and  were  run  in  a  four  point  time 
course.  One  unit  of  enzyme  was  defined  as 
the  amount  which  hydrolyzed  one  nmole 
substrate  per  min.  Blood  sugar  and  protein 
were  determined  as  described  previously 
(3). 

Column  chromatography  (0.9  x  30  cm) 
was  carried  out  with  Cellex  D  suspended  in 
0.01  M  NaH2P04,  pH  6.0  and  eluted  with 
a  linear  gradient  made  by  mixing  100  ml 
each  of  0  and  0.25  M  NaCl  in  the  same 
buffer.  Four  ml  kidney  supernatant  fraction 
from  a  M  line  female  animal  was  chromato- 
graph  and  0.1  ml  aliquots  of  2.2  ml  fraction 
were  assayed  for  a-galactosidase  and  /3-ga- 
lactosidase  activities  in  even-numbered 
tubes. 

Results  and  discussion.  Table  I  summa- 
rizes all  data  obtained  in  this  study  and 
they  are  expressed  as  means  ±  SEM  of  six 
animals  in  each  group. 

The  animals  were  matched  according  to 
age  and  the  males  were  significantly  heavier 
than  the  females  in  the  same  line.  The 
diabetic  XA  animals  also  tended  to  be 
slightly  heavier  that  the  M  animals  of  the 
same  sex.  No  significant  difference,  how- 
ever, was  observed  in  the  kidney  weight, 
expressed  as  %  body  weight  in  view  of  the 
difference  in  the  body  weights,  in  all  four 
groups  of  animals.  The  female  M  animals 
showed  significantly  less  soluble  proteins  in 
the  kidney  than  the  male  counterparts  and 
the  significance  of  this  observation  remains 
unclear. 

In  both  12,000g  supernatant  and  precipi- 
tate fractions,  N-acetyl-/3-D-hexosaminidase 
was  present  in  the  highest  concentration 
and  about  40%  of  its  activity  was  recovered 
in  the  supernatant.  Both  males  and  females 
in  the  same  inbred  line  showed  similar  activ- 
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TABLE  I.  Age,  Body  and  Kidney  Weights.  Blood  Sugar  and  Renal  Glycohydrolases  in  Male  and 
Female  Chinese  Hamsters  of  M  and  XA  Line." 


M-Line 

XA-Line 

Male 

Female 

pt 

Male 

Female 

P» 

Age  (weeks) 

19.7  ±  3.6 

20.0  ±  2.5 

NS 

20.2  ±  3.4 

18.8  ±  2.0 

NS 

Body  weight  (g) 

27.3  ±  1.5 

18.9  ±  0.5 

<0.001 

29.2  ±  2.3 

23.8  ±  1.0 

<0.05 

Blood  sugar  (mg/dl) 

128  ±  5 

125  ±  10 

NS 

362  ±  50 

369  ±  50 

NS 

Kidney 

weight  (%  body  weight) 

1.00  ±  0.03 

1.08  ±  0.03 

NS 

1.10  ±  0.04 

1.13  ±  0.04 

NS 

1 2. OOOg  supernatant 

protein  concentration  (mg/ 

g) 
N-acetyl-/3-D-hexosamini- 

91.7  ±2.9 

82.3  ±  1.7 

<0.025 

86.7  ±  2.2 

88.9  ±  2.8 

NS 

1723  ±85 

1961  ±  150 

NS 

1607  ±  188 

1898  ±  147 

NS 

dase  (U/g) 

Qc-glucosidase  (U/g) 

105  ±6 

97  ±  6 

NS 

112  ±6 

110  ±  5 

NS 

a-galactosidase  (U/g) 

702  ±  68 

1176  ±  131 

<0.005 

392  ±  41 

734  ±  82 

<0.005 

/3-gIucosidase  (U/g) 

998  ±  66 

899  ±  26 

NS 

939  ±  54 

830  ±  52 

NS 

/3-gaIactosidase  (U/g) 

1186  ±71 

1837  ±97 

<0.001 

810  ±  53 

1304  ±  194 

<0.05 

12,000g  precipitates 

protein  concentration  (mg/ 

g) 
N-acetyI-/3-D-hexosamini- 

82.8  ±  6.3 

82.2  ±  4.0 

NS 

91.3  ±  5.1 

86.6  ±  4.7 

NS 

2401  ±  221 

2527  ±  142 

NS 

2409  ±  239 

2749  ±  189 

NS 

dase  (U/g) 

a-glucosidase  (U/g) 

40  ±4 

35  ±  2 

NS 

42  ±  3 

38  ±  2 

NS 

a-galactosidase  (U/g) 

458  ±  43 

438  ±  17 

NS 

385  ±  26 

422  ±  26 

NS 

/3-galactosidase  (U/g) 

809  ±  87 

855  ±  49 

NS 

679  ±41 

797  ±  60 

NS 

°  All  values  are  Mean  ±SEM  of  six  animals  in  each  group. 
*  Student's  /  test.  NS  denotes  "not  significant*',  i.e.  P  >  0.05. 


ities  of  this  enzyme  in  the  two  subcellular 
fractions  of  the  kidney  extracts.  Interest- 
ingly, no  significant  difference  between  M 
and  XA  line  animals  was  observed  in  renal 
N-acetyl-j3-D-hexosaminidase  activity,  in 
contrast  to  what  was  reported  in  the  strep- 
tozotocin-diabetic  rats  which  had  signifi- 
cantly depressed  level  of  this  enzyme  in  the 
kidney  (1).  The  cause  for  this  discrepancy 
could  arise  from  difference  in  species  or 
between  chemically-induced  and  hereditary 
diabetes. 

Renal  a-glucosidase  activity  was  more 
prevalent  in  the  12,000g  supernatant  frac- 
tion, i.e.  73%,  and  no  significant  difference 
in  its  activity  was  observed  between  sexes 
or  lines  in  either  fraction.  In  preliminary 
experiments,  /3-glucosidase  was  found  to 
reside  mainly  in  the  supernatant,  i.e.  95%, 
and  its  activity  was  thus  not  measured  in 
the  precipitate  fractions  subsequently. 
Again,  there  was  no  significant  difference 
in  j3-glucosidase  activities  between  sexes  or 
lines  in  the  kidney. 

Sex-  and  line-dependent  differences  in 
renal  a-galactosidase  and  j3-galactosidase 
activities,  however,  were  highly  significant 


in  the  supernatant  fraction.  Female  animals 
showed  higher  activities  in  both  enzymes 
than  the  male  animals  in  either  M  or  XA 
line.  The  diabetic  XA  animals  also  showed 
significantly  less  a-galactosidase  and  /3-ga- 
lactosidase in  the  kidney  supernatant  frac- 
tions than  the  corresponding  M  line  animals 
with  the  following  P  values:  <0.025  (of- 
galactosidase  in  female),  <0.005  (a-galac- 
tosidase in  male),  <0.05  (/S-galactosidase 
in  male)  and  <0.005  (/S-galactosidase  in 
female).  In  the  streptozotocin-diabetic  rats, 
depression  of  renal  j3-galactosidase  was  also 
reported  but  the  level  of  a-galactosidase 
has  not  been  measured  (1).  The  activities 
of  these  two  enzymes  in  the  12,000g  precip- 
itate fractions  were  substantial  but  were  not 
significantly  different  between  sexes  or 
lines. 

Although  the  sex-  and  line-dependent 
variations  in  a-galactosidase  and  /3-galac- 
tosidase appeared  to  be  parallel,  their  activ- 
ities were  manifested  by  different  proteins. 
When  the  12,000g  supernatant  fraction  of 
a  M-line  female  animal  was  chromato- 
grammed  on  a  Cellex-D  column,  )3-galacio- 
sidase  was  eluted  off  in  two  early  peaks, 
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whereas  a-galactosidase  was  found  to  be 
more  acidic  at  pH  6.0  and  recovered  in  one 
major  peak  (Fig.  1).  Therefore,  the  ob- 
served differences  in  a-galactosidase  and  fi- 
galactosidase  involved  at  least  two  to  three 
protein  entities.  The  observed  sex-  and  line- 
dependent  differences  in  these  renal  enzyme 
activities  suggest  that  their  levels  may  play 
significant  roles  in  the  development  of  dia- 
betic microangiopathy  in  view  of  the  fact 
that  sex-  and  diabetes-related  variations 
were  reported  in  the  width  of  muscle  capil- 
lary basement  membrane  in  humans  (2). 
Studies  to  determine  if  the  observed  differ- 
ences between  the  highly  inbred  lines  were 
results  of  hyperglycemia  or  other  genetic 
variants  unrelated  to  hyperglycemia  and  if 
the  differences  between  sexes  or  lines  in- 
volved specific  isozyme  species  are  currently 
in  progress. 

Summary.  Several  glycohydrolase  activi- 
ties were  measured  in  the  12,000g  super- 
natant and  precipitate  fractions  of  kidney 
homogenates  obtained  from  two  highly 
inbred  lines  of  male  and  female  Chinese 
hamsters,  one  with  hereditary  diabetes.  No 
difference  was  observed  in  N-acetyl-/3-D- 
hexosaminidase,  a-glucosidase  and  /3-glu- 
cosidase  whereas  the  activities  of  superna- 
tant a-galactosidase  and  )3-galactosidase 
were  lower  in  the  males  and  further  de- 
pressed in  the  diabetic  animals. 


Fig.  1 .  Cellex  D  column  chromatography  of  a-ga- 
lactosidase and  /3-galactosidase  in  1 2,000 g  supernatant 
fraction  of  Chinese  hamster  kidney  extracts.  Size:  0.9 

X  30  cm.  Fraction:  2.2  ml.  • •  =  a-galactosidase. 

O O  =  /3-galactosidase . NaCl  concentration 

in  the  eluting  buffer. 
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The  in  vitro  assay  of  West  Nile  virus 
(WNV)  has  met  with  varying  degrees  of 
success  in  the  hands  of  different  investiga- 
tors who  have  employed  a  wide  variety  of 
cell  systems  and  experimental  conditions. 
Henderson  and  Taylor  (1)  were  unable  to 
demonstrate  either  CPE  or  plaque  forma- 
tion in  chick  embryo  (CE)  cell  cultures. 
However,  Buckley  (2)  reported  that  WNV 
produced  both  CPE  and  plaques  in  CE 
cultures  but  the  in  vitro  titers  were  consid- 
erably lower  than  those  achieved  in  experi- 
mental animals.  Similar  results  were  ob- 
tained by  Westaway  (3)  using  PS  cells  (a 
stable  line  of  porcine  kidney  cells).  A  wide 
variety  of  primary  cell  culture  systems  (1, 
4-9)  and  continuous  cell  lines  (2,  10,  11) 
have  been  employed  to  demonstrate  the 
capacity  of  WNV  to  cause  CPE  and/or 
plaque  formation.  Most  of  these  studies 
were  more  or  less  screening  tests  of  a  quali- 
tative nature  designed  to  demonstrate  the 
ability  of  WNV  to  cause  CPE  or  plaques 
rather  than  a  systematic  examination  of 
conditions  for  a  sensitive  in  vitro  assay  for 
WNV.  The  variations  in  CPE  and  plaque 
formation  are  understandable  in  view  of  the 
diverse  experimental  procedures  employed. 
Little  has  been  done  to  elucidate  the  condi- 
tions requisite  for  an  accurate  in  vitro  assay 
of  WNV,  although  in  a  preliminary  report 
Eylar  and  Wisseman  (12)  reported  that  the 
sensitivity  of  the  WNV  plaque  assay  was 
influenced  by  the  pH  of  the  adsorption 
diluent.  This  communication  reports  an  un- 
usually high  divalent  cation  requirement  for 
maximal  attachment  of  WNV  to  primary 
CE  cells. 

Materials  and  methods.  Virus,  The  Egypt 
101  strain  of  WNV,  which  had  been  passed 
serially  in  mouse  brains  through  an  undeter- 
mined number  of  passages,  was  employed 
in  this  investigation.  Stock  virus,  as  20% 
suckling  mouse  brain  suspensions  in  50% 
normal,  heat-inactivated  rabbit  serum-sa- 


line with  250  units/ml  penicillin  and  125 
/jtg/ml  streptomycin  sulfate,  was  stored  in 
sealed  glass  ampoules  at  -70**. 

Cell  cultures.  Primary  CE  cell  cultures 
were  prepared  by  the  method  of  Dulbecco 
(13)  with  minor  modifications.  Trypsinized 
cells  were  suspended  in  5%  heat-inactivated 
calf  serum-yeast  extract  medium  (14)  with 
penicillin  and  streptomycin  added  to  a  final 
concentration  of  250  units/ml  and  125  /xg/ 
ml  respectively  and,  dispensed  in  5  ml 
amounts  into  60  x  30  mm  plaque  bottles 
(15). 

In  vitro  assay.  The  growth  medium  was 
removed  and  the  monolayers  rinsed  with 
Hanks'  balanced  salts  solution  (BSS).  Un- 
less otherwise  specified,  virus  dilutions  were 
prepared  in  borate-KCl  buffer  at  pH  8.3- 
8.5  so  that  there  were  approximately  1000 
PFU/ml.  Four  to  six  replicate  bottles  con- 
taining 0.1  ml  inoculum  were  incubated  at 
26**  with  intermittent  rocking  for  90  min.  In 
experiments  where  adsorption  had  to  be 
interrupted  prior  to  completion,  adsorption 
was  halted  by  addition  of  3-4  ml  Hanks' 
BSS,  the  virus-BSS  mixture  removed  and 
the  wash  procedure  repeated  twice.  Mono- 
layers were  overlayed  with  a  medium  con- 
sisting of  2%  calf  serum,  0.25%  lactalbumin 
hydrolysate,  BSS  without  phenol  red  and 
0.8%  noble  agar.  Sodium  bicarbonate  was 
added  to  a  final  pH  of  7.3-7.4.  Bottles 
were  inverted  and  incubated  at  37°  for  three 
days  when  a  second  overlay  consisting  of 
2%  noble  agar  in  BSS  with  1:20,000  neutral 
red  was  added.  Plaques  were  counted  after 
overnight  incubation  at  37**. 

Results.  Influence  of  divalent  cation  con- 
centration on  plaque  count.  During  prelimi- 
nary experiments  in  which  diverse  diluents 
were  employed,  it  became  apparent  that 
components  within  the  diluent  markedly 
influenced  the  final  plaque  count.  Since 
cations  and  especially  divalent  cations,  are 
known  to  influence  attachment  of  certain 
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viruses  to  host  cells  (16-19),  the  possibility 
of  a  cation  requirement  in  the  WNV-CE 
cell  culture  system  was  investigated.  Ac- 
cordingly, plaque  assays  were  performed 
with  mixtures  in  which  MgS04  at  various 
concentrations  was  added  to  a  constant 
amount  of  WNV  in  borate-KCl  diluent  at 
pH  8.3-8.5.  The  results  of  these  experi- 
ments (Fig.  1)  clearly  show  that  the  MgS04 
concentration  played  an  important  role  in 
the  productive  adsorption  of  WNV  to  CE 
cells.  Little  adsorption  occurred  when  the 
MgS04  concentration  was  less  than  1  x 
10"^  M,  but  with  increasing  MgS04  concen- 
tration plaque  counts  increased  to  a  maxi- 
mum at  approximately  0.1  M  MgS04.  Simi- 
lar results  were  obtained  when  MgCl2, 
BaCl2  or  CaCl2  were  employed.  To  deter- 
mine if  these  results  were  influenced  by 
anions  and  to  determine  the  influence  of 
monovalent  cations  upon  WNV  adsorption, 
similar  concentrations  of  Na^,  K"^,  Mg"*^"*^, 
Cl~  and  SO4"  in  various  combinations  were 
employed  in  the  adsorption  medium.  Of 
these,  only  Mg^"*^  increased  plaque  counts. 
Several  other  cations  were  also  tested  (viz., 
Yq2^  AP-^,  Sn^"^,  Mn^-^)  but,  of  all  of  the 
cations  utilized,  only  Mg^"*^,  Ba*^"^  and  Ca-"^ 
significantly  increased  the  plaque  counts. 

The  influence  of  Mg^^  concentration  on 
the  rate  of  V/NV  adsorption  to  CE  cultures. 
The  time  course  of  adsorption  of  WNV  to 
CE  cell  cultures,  at  four  different  Mg-"*^ 
concentrations,  was  studied.  Adsorption 
was  allowed  to  continue  for  predetermined 
time  intervals  when  the  infected  cultures 
were  washed  with  BSS  and  overlaid  with 
the  agar  medium. 

Figure  2  shows  the  results  of  this  study. 
Adsorption  was  most  rapid  when  0.1  M 
Mg^"*"  was  incorporated  in  the  virus  inocu- 
lum, and  adsorption  was  essentially  com- 
plete within  60  min.  If  the  Mg^^  concentra- 
tion was  suboptimal  (less  than  0.1  M),  ad- 
sorption was  much  slower  and  maximal  ad- 
sorption was  not  achieved  in  the  300-min 
time  period  studied. 

Discussion.  An  unusually  high  divalent 
cation  concentration,  with  activity  restricted 
to  certain  members  of  the  cation  group, 
was  found  for  optimal  attachment  of  WNV 
to,  and  maximal  assay  sensitivity  in,  CE 
cells.  A  200- fold  increase  in  plaque  count 


MOLAR     MqSO.    CONCENTRATION 

Fig.  1.  The  relationship  between  magnesium  ion 
concentrations  and  relative  WNV  plaque  count.  A 
constant  virus  inoculum  was  mixed  with  different  con- 
centrations of  magnesium  sulfate  in  borate  buffer  and 
assayed  in  primary  chick  embryo  cells. 

from  the  same  virus  input  occurred  when 
the  final  Mg^"*^  concentration  in  the  adsorp- 
tion medium  was  raised  from  1  x  10"^  M 
to  1  X  10"'  M.  At  approximately  1  x  10"^ 
M  Mg^"*^  or  Ca-"*^  (the  approximate  concen- 
tration of  these  ions  in  Hanks'  BSS)  there 
is  minimal  enhancement  of  WNV  adsorp- 
tion to  CE  cultures.  This  perhaps  explains 
in  part  the  varied  results  obtained  when 
BSS  or  BSS  containing  diluents  were  em- 
ployed in  preliminary  experiments.  With 
BSS  diluents,  slight  alterations  in  the  cation 
concentration  would  result  in  exaggerated 
changes  in  the  plaque  count. 

Influence  of  divalent  cations  on  adsorp- 
tion of  viruses  to  host  cells  has  been  re- 
ported occasionally.  For  example,  attach- 
ment of  specific  phages  to  E.  coli  (16), 
Pasteurella  (17)  or  Salmonella  (18)  has  a 
divalent  cation  requirement  as  does  Japa- 
nese encephalitis  virus  to  hamster  kidney 
cells  (19),  and  dengue  virus  to  Rhesus  mon- 
key kidney  cells  (20).  However,  cation  re- 
quirements are  not  necessarily  uniform 
within  a  broad  virus  group.  While  added 
divalent  cations  did  enhance  the  attachment 
of  coxsackie  A9  virus  to  human  amnion 
cells  (21),  divalent  cations  were  not  essen- 
tial for  optimal  attachment  of  poliovirus  to 
HeLa  cells  (22).  Attachment  of  Venezuelan 
equine  encephalomyelitis  virus  to  McCoy 
cells  was  optimal  with  0.10-0.15  M  NaCl 
while  low  levels  of  Ca-"^  or  Mg-"*^  inhibited 
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Fig.  2.  Adsorption  of  WNV  to  chick  embryo  monolayer  cultures  from  0.1  ml  inoculum  at  26"  at  various 

MgS04  concentrations.  Stock  virus  was  added  to  borate-KCl  buffer  with  1  x  10'  A/  MgS04  (• •).  1  x  10-=^M 

MgS04  (■ ■),  1  X  10-»  M  MgS04  (A ▲)  and  1  x  10*  M  MgS04  (• •).  At  the  indicated  time  inter- 
vals replicate  cultures  were  removed,  adsorption  halted  by  repeated  washes  with  BSS  and  overlayed  with  agar. 


virus  attachment  (23).  Thus,  cation  en- 
hancement of  attachment  of  a  virus  to  host 
cell  most  likely  reflects  a  specific  host  cell- 
virus  requirement  rather  than  a  general 
characteristic  of  the  virus  per  se. 

The  enhanced  WNV  attachment  to  CE 
cells  could  not  be  attributed  to  (1)  stabiliza- 
tion of  WNV  by  Mg^"^,  as  has  been  demon- 
strated with  the  enteroviruses,  because 
equivalent  WNV  stability  was  observed  with 
or  without  0.1  M  Mg^"^  (data  not  shown), 
(2)  pH  stability  because  the  stability  of 
WNV  at  pH  7.0  to  pH  8.5  remained  rela- 
tively constant  (data  not  shown),  (3)  Mg^"^ 
reversal  of  borate  interactions  with  the  car- 
bohydrate component  of  virus  or  host  cell 
glycoprotein  (24)  because  a  similar  Mg^"^ 
enhancement  could  be  demonstrated  when 
tris  buffer  was  substituted  for  borate  buffer, 
(4)  increased  virus  yield  as  a  result  of  pro- 
moting migration  of  viral  nucleocapsids  to 
the  cell  membranes  (25)  because  increased 


Mg^"^  levels  were  required  for  the  virus 
attachment  process  only.  In  addition  it  was 
found  that  increased  levels  of  Mg-*  en- 
hanced WNV  attachment  to  BHK-21/15 
cells  but  not  to  the  extent  observed  in  the 
CE  cell- WNV  system. 

Thus,  the  divalent  cation  requirement  for 
optimal  attachment  of  WNV  to  CE  cells 
appears  to  be  unrelated  to  pH  stabilization, 
Mg^"*^  stabilization,  buffer  effects,  virus  rep- 
lication and  assembly  or  to  the  source  of 
the  host  cell.  It  is  more  likely  that  Mg**, 
and  to  a  lesser  degree  Ca^"*^  and  Ba*"*^  serve 
as  a  mechanism  by  which  the  negatively 
charged  virus  and  host  cell  can  come  into 
intimate  contact  to  initiate  the  adsorption 
and  penetration  process. 

Summary.  An  unusually  high  divalent  cat- 
ion requirement  for  maximal  plaque  count 
and  maximal  adsorption  rate  was  found  in 
the  WNV-CE  cell  system.  An  increase  in 
Mg^"^  concentration  from  1  x  10-»  to  1  ^ 
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[)~*  M  resulted  in  a  200- fold  increase  in 
/erage  plaque  count.  When  1  x  10"*  M 
Ig2+  was  incorporated  in  the  virus  inocu- 
im,  WNV  attachment  was  essentially  com- 
lete  in  50-60  min.  If  1  x  lO^  M  or  less 
Ig^-^  was  included  in  the  adsorption  dilu- 
nt,  maximal  attachment  was  not  complete 
/ithin  300  min  and  only  a  fraction  of  the 
•riginal  virus  content  could  be  detected  by 
>laque  assay. 
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Infectious  Epstein-Barr  virus  (EBV)  will 
infect  and  transform  lymphocytes  from  sev- 
eral primate  species  (1-4).  The  most  sensi- 
tive primary  culture  system  for  the  detection 
of  infectious  EBV  is  human  neonatal  lym- 
phocytes, usually  obtained  from  umbilical 
cord  blood  specimens  (5,6).  Each  milliliter 
of  umbilical  cord  blood  will  yield  up  to  3  x 
10®  lymphocytes;  from  a  single  cord  blood 
specimen,  10*  lymphocytes  or  more  can  be 
obtained.  Cells  to  be  infected  may  be  kept 
at  37**  in  appropriate  medium  for  several 
days  before  being  used,  but  eventually, 
through  attrition,  become  unsuitable  for 
use.  Generally,  an  investigator  obtains  a 
fresh  supply  of  cells  each  time  EB  virus 
infection  studies  with  primary  lymphocytes 
are  undertaken.  The  availability  of  a  cell 
storage  method  which  preserves  cells,  in  a 
state  comparable  to  fresh  cultures,  would 
remove  one  of  the  major  limitations  con- 
cerning studies  of  the  biology  of  primary 
lymphocytes  infected  with  EBV. 

Cryopreservation  of  tissue  culture  cells 
has  been  described  and  practiced  for  years 
with  monolayer  cell  lines  (7).  Freezing  of 
primary  leukocytes  has  likewise  been  de- 
scribed (8-10)  but  we  are  unaware  of  stud- 
ies which  compare  EBV  transformation  sen- 
sitivities of  cryopreserved  lymphocytes  with 
fresh  lymphocytes.  We  here  describe  pres- 
ervation of  lymphocytes  in  the  vapor  phase 
of  liquid  nitrogen  and  present  data  indicat- 
ing that,  compared  to  autologous  fresh  cells, 
cryopreserved  cells  remain  sensitive  to  in- 
fection and  transformation  with  EB  virus. 

Materials  and  methods.  Cell  collection  and 
preparation.  Neonatal  lymphocytes  were 
obtained  by  venipuncture  of  recently  deliv- 
ered placentas  (up  to  30  min  post  delivery). 
Whole  blood  was  mixed  with  preservative- 

This  work  was  supported  by  a  grant  from  the 
Matilda  Wilson  Fund,  Detroit. 


free  sodium  heparin  (10  units/ml  blood)  to 
prevent  coagulation.  Lymphocytes  were 
separated  in  a  Ficoll-hypaque  gradient  (11), 
washed  free  of  plasma  in  three  1:5  volumes 
of  Puck's  saline  A  and  counted  in  1%  acetic 
acid.  Cells  for  fresh  culture  were  adjusted 
to  5  X  10*  cells/ml  in  maintenance  medium; 
cells  for  cryopreservation  were  adjusted  to 
1x10^  cells/ml  in  freeze  medium. 

Maintanence  medium  consisted  of  RPMl 
1640  supplemented  with  20%  heat  inacti- 
vated (56°,  30  min)  fetal  bovine  serum, 
penicillin  (100  U/ml),  streptomycin  (100 
/jtg/ml),  and  fungizone  (0.25  /Lig/ml).  Freeze 
medium  consisted  of  RPMI  1640,  20%  heat 
inactivated  fetal  bovine  serum  and  10% 
analytical  reagent  grade  dimethyl  sulfoxide 
(DMSO)  (Mallinckrodt  Chemical  Works). 

Feeder  layers  used  in  the  transformation 
assay  consisted  of  cell  strains  of  human 
placental  fibroblasts,  established  as  de- 
scribed by  Miller  (12).  Assays  were  carried 
out  in  maintenance  medium. 

EBV  preparation.  Virus  stock  was  pre- 
pared from  supernatant  fluid  of  an  EBV- 
transformed  marmoset  cell  line  (B95-8)  (2). 
Fluid  was  centrifuged  at  400g  to  sediment 
cells,  frozen  and  thawed  three  times  and 
passed  through  a  0.45  nm  filter  (Millipore 
Corp.).  The  virus  stock  was  determined  to 
be  free  of  bacteria  and  mycoplasma  by 
culture,  and  was  stored  at  -70**. 

Cryopreservation.  Lymphocytes  sus- 
pended in  1  ml  of  freeze  medium  and  trans- 
ferred to  plastic  vials  (Cooke  Pro-vial)  were 
placed  in  a  polystyrene  plug  (Linde  biologi- 
cal freezer,  type  BF-5,  Union  Carbide 
Corp.)  fitted  to  the  neck  tube  of  a  liquid 
nitrogen  refrigerator  (type  LNR25B,  Unwn 
Carbide  Corp.)  (13).  By  placing  the  *'0" 
ring  on  the  plug  at  level  "F\  the  tempera- 
ture decrease  was  constant  at  1 .6**  per  min 
until  the  sample  changed  from  a  liquid  to  a 
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solid  (18  min)  after  which  the  temperature 
decrease  followed  a  sigmoid  curve  reaching 
-50**  by  60  min.  The  vials  were  then  stored 
at  —170°  in  the  vapor  of  a  liquid  nitrogen 
storage  tank  (type  LR-36,  Union  Carbide 
Corp.). 

In  experiments  depicted  in  Tables  I  and 
[I,  lymphocytes  were  stored  frozen  over- 
night. Cell  stocks  for  other  experiments 
[Table  III)  were  stored  frozen  up  to  12 
months. 

Virus  inoculation  and  transformation  as- 
iay.  Frozen  lymphocytes  were  rapidly 
thawed  (37**  water  bath)  and  resuspended 
in  medium  (5  x  10*  cells/0.9  ml).  Fresh 
lymphocytes,  stored  in  medium  overnight 
at  37**  in  5%  CO2,  were  resuspended  at  a 
:oncentration  of  5  x  10*  cells/0.9  ml.  Both 
:ulture  sets  were  exposed  to  serial  tenfold 
dilutions  of  EBV  (0.1  ml),  or  to  culture 
medium  (0.1  ml),  four  replicates  per  set, 
and  cultivated  in  combination  with  human 
placental  fibroblast  feeder  layers  in  the  bot- 
tom of  plastic  capped,  13  x  100  mm  glass 
test  tubes.  Medium  was  changed  (V2  vol) 


twice  weekly  and  cultures  were  examined 
with  the  aid  of  an  inverted  microscope  for 
signs  of  cell  transformation.  Transformation 
was  recognized  by  the  appearance  of  clus- 
ters of  rapidly  growing,  enlarged  lympho- 


TABLE  III.  Repeated  Titrations  of  a  Single 

Stock  Preparation  of  EBV"  on  Cryopreserved 

Human  Umbiucal  Cord  Blood  Lymphocytes. 


Duration  of 

cryopreser- 

Cord  blood 

Feeder  lay- 

vation 

Infectivity 

preparation 

ers* 

(days) 

titer*" 

1 

Yes 

23 

4.0 

2 

Yes 

360 

3.5 

3 

Yes 

1 

3.0 

4 

Yes 

1 

3.0 

5 

Yes 

1 

3.5 

5 

No 

1 

2.8 

6 

No 

17 

1.8 

7 

No 

1 

2.6 

°  Stock  prepared  from  supernatant  fluid  of  EBV 
infected  cotton-top  marmoset  lymphocytes  (B95-8), 
stored  at  -70*  until  used. 

"  Human  placental  fibroblasts  (see  Ref.  12). 

*■  Expressed  as  50%  transforming  doses  (logioTDso) 
per  0.1  ml,  calculated  by  Reed-Muench  formula. 


TABLE  I.  Comparison  of  EB  Virus  Transforming  TrrERS  Detected  by  Fresh  or  Autologous 

Cryopreserved  Lymphocytes. 


Samph 

;A» 

SampI 

eB 

SampI 

eC 

Cumulative 

Virus  dilutions" 

Fresh 

Frozen 

Fresh 

Frozen 

Fresh 

Frozen 

Fresh 

Frozen 

10-* 

3/4- 

4/4 

4/4 

4/4 

4/4 

4/4 

11/12 

12/12 

io-» 

1/4 

3/4 

1/3 

2/4 

3/4 

1/4 

5/11 

6/12 

10-* 

0/4 

0/4 

1/4 

0/4 

1/4 

2/4 

2/12 

2/12 

io-> 

0/4 

0/4 

0/4 

0/4 

0/4 

0/4 

0/12 

0/12 

nf activity  titer** 

2.5 

3.3 

3.0 

3.0 

3.5 

3.0 

3.0 

3.2 

4o  virus 

0/4 

0/4 

0/4 

0/4 

0/4 

0/4 

0/12 

0/12 

'  Aliquots  from  a  single  virus  stock  (B95-8,  lot  #5)  used  throughout  these  experiments. 
*  Human  cord  blood  lymphocytes  from  three  separate  placentas  designated  A,  B,  and  C.  In  each  sample  cells 
vere  either  frozen  overnight  (frozen)  or  incubated  overnight  (fresh)  before  infection  with  EBV. 
''  Number  of  cultures  showing  transformation/number  of  cultures  in  test. 
^  Expressed  as  50%  transforming  doses  (logioTDjo)  per  0.1  ml,  calculated  by  Reed-Muench  formula. 


TABLE  II.  Comparison  of  EB  Virus  Transforming  Titers  Detected  by  Fresh  or 
Dimethylsulfoxide  (DMSO)  Treated  Fresh  or  Cryopreserved  Lymphocytes. 


Virus  Dilution 

Infectivity  li- 

Condition of  cells" 

Percent  DMSO 

No  Virus 

10-2 

io-» 

10-* 

10-* 

ter'^ 

Fresh 

none 

0/4» 

4/4 

3/4 

1/4 

0/4 

3.5 

Fresh 

1 

0/4 

4/4 

4/4 

1/4 

0/4 

3.7 

Fresh 

10 

0/4 

4/4 

4/4 

0/4 

0/4 

3.5 

Frozen 

10 

0/4 

4/4 

1/4 

2/4 

0/4 

3.0 

■  Human  cord  blood  lymphocytes  from  sample  C,  Table  I.  Cells  were  either  cryopreserved  overnight  (frozen) 
>r  incubated  overnight  (fresh)  before  infection  with  EBV. 

*  Number  of  cultures  showing  transformation/number  of  cultures  in  test. 

'  Expressed  as  50%  transforming  doses  (logioTDjo)  per  0.1  ml,  calculated  by  Reed-Muench  formula. 
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cytes.  Endpoint  for  transformation  was  de- 
termined 60  days  after  cultures  were  initi- 
ated. Infectivity  titers  were  calculated  by 
the  Reed-Muench  formula  (14)  as  a  func- 
tion of  the  number  of  cuhure  tubes  showing 
transformation  compared  to  the  number  in- 
oculated with  virus. 

Results.  Transformation  of  lymphocytes 
before  and  after  cryopreservation.  In  two 
experiments,  using  cord  blood  lymphocytes 
obtained  from  three  separate  placentas, 
comparisons  were  made  between  autolo- 
gous lymphocyte  sets  which  had  been  either 
cryopreserved  overnight  or  were  incubated 
fresh  overnight  (Table  I).  Serial  dilutions  of 
virus  from  a  single  virus  stock  yielded  trans- 
formation endpoints  ranging  between  10-^  •'^ 
TD50/O.I  ml  (TD  =  transforming  dose)  and 
103"'  TD50/O.I  ml  in  the  three  fresh  lympho- 
cyte sets  and  between  lO**"  TD50/O.I  ml 
and  lO^-^  TD50/O.I  ml  in  the  three  cryopre- 
served lymphocyte  sets.  Cryopreserved  lym- 
phocytes are  as  sensitive  to  transformation 
by  EBV  as  unfrozen,  fresh  cultured  lympho- 
cytes. Neither  fresh  nor  cryopreserved  lym- 
phocytes transformed  unless  EBV  was 
added.  Cell  viability  of  recovered  cryopre- 
served lymphocytes  ranged  between  85- 
88%  by  trypan  blue  dye  exclusion. 

Transformation  of  fresh  lymphocytes  ex- 
posed to  DM  SO  before  infection  with  EB 
virus.  To  establish  whether  preincubation 
of  lymphocytes  with  DMSO  could  alter  the 
sensitivity  of  cell  cultures  to  transformation 
with  EB  virus,  fresh  cells  from  cord  blood 
sample  "C  were  incubated  with  1%  or 
10%  DMSO  for  one  hour  prior  to  exposure 
to  EB  virus.  Table  II  shows  that  preexpo- 
sure of  lymphocytes  to  two  concentrations 
of  DMSO  neither  enhanced  nor  suppressed 
the  sensitivity  of  lymphocytes  to  EBV  trans- 
formation. 

Reproducibility  of  the  transformation  as- 
say using  cryopreserved  lymphocytes.  Over 
a  three  year  period,  we  have  stored,  by 
cryopreservation,  thirty  samples  of  umbili- 
cal cord  blood  lymphocytes  prepared  as 
described.  Titrations  of  a  single  lot  of  EBV 
have  been  performed  on  seven  different 
cryopreserved  umbilical  cord  blood  lympho- 
cyte samples.  Table  III  shows  that  the  infec- 
tivity titer  on  cryopreserved  cells  varies  ac- 
cording to  the  presence  of  feeder  layers; 


cultures  with  feeder  layers  detected  tenfold 
more  virus  than  cultures  without .  However, 
infectivity  titers  remain  relatively  reproduc- 
ible from  sample  to  sample  of  cord  blood 
lymphocytes.  The  longest  cryopreservation 
period  for  a  specific  cord  blood  preparation 
was  12  months;  when  thawed  that  sample's 
virus  sensitivity  detected  an  infectivity  titer 
of  lO^^TDso/O.l  ml  (preparation  2,  Table 
III). 

Transformation  of  adult  lymphocytes.  The 
cryopreservation  technique  has  been  ap- 
plied to  lymphocytes  from  sources  other 
than  cord  blood.  Although,  we  have  not 
compared  infectability  of  cryopreserved 
cells  with  fresh  cells,  cryopreserved  lympho- 
cytes from  adult  humans  and  cotton-top 
marmosets  can  be  readily  transformed  and 
will  support  EB  viral  replication.  Cryopre- 
served lymphocytes  from  EBV-antibody 
negative  adult  sources,  cultured  without 
addition  of  EB  virus,  have  not  transformed. 

Discussion.  Considerable  experimental 
evidence  indicates  that  the  efficiency  of  re- 
covery of  cells  after  cryopreservation  de- 
pends not  only  on  the  rate  of  temperature 
change  and  the  cryoprotective  additives 
used,  but  also  on  the  type  of  cell  being 
frozen  (for  reviews  see  15,  16).  Cells  re- 
covered by  Ficoll-hypaque  gradient  separa- 
tion of  heparinized  peripheral  blood  are  a 
heterogenous  collection  of  mononuclear 
cells  containing  not  only  morphologically 
different  cells  (lymphocytes  and  monocytes) 
but  also  cells  which,  although  morphologi- 
cally quite  similar,  carry  a  wide  variety  of 
membrane  components  as  well  as  different 
biologic  functions.  EB  virus  infects  lympho- 
cytes with  B-cell  surface  characteristics 
(17).  While  EB  virus  receptors  have  been 
demonstrated  to  be  common  to  all  B-lyra- 
phocytes  (18),  studies  of  the  efficiency  of 
transformation  in  B-lymphocyte  enriched 
cultures,  indicate  that  only  10%  of  the  vims 
exposed  cells  establish  permanent  lines  (6). 
Thus,  there  appears  to  be  a  very  small 
subpopulation  of  cells  in  each  sample  of 
peripheral  blood  lymphocytes  destined  for 
transformation  induced  by  EB  virus. 

The  presently  reported  studies  were  un- 
dertaken to  establish  that  even  though  pe- 
ripheral blood  lymphocytes  can  be  pre- 
served through  freezing  with  relatively  high 
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icy,  the  small,  and  as  yet  unidenti- 
opulation  of  cells  which  are  the  target 
V  infection  and  transformation,  can 
;  adequately  preserved  by  this  freez- 
ocedure.  Our  studies  indicate  that, 
red  to  autologous  fresh  cells,  cry- 
rved  lymphocytes  remain  sensitive  to 
on  and  transformation  by  EB  virus, 
lethyl  sulfoxide,  used  here  as  a  cry- 
ctive  additive,  is  also  known  to  en- 

the  transport  of  infectious  nucleic 
cross  cell  membrane  (19).  Since  we 
>  enhancement  of  virus  induced  trans- 
ion  when  fresh  lymphocytes  were 
ated  with  DMSO,  we  conclude  that 
milarity  of  infectivity  titers  seen  in 
eserved  cells  and  fresh  cells  is  due  to 
yoprotective  effect  of  the  chemical, 

enhanced  transport  of  viral  informa- 
Toss  the  target  cell  membrane, 
er  and  Lipman  (20)  showed  good 
lucability  of  the  transformation  assay 
ctious  EBV  using  fresh  primary  cord 
lymphocytes.  We  here  present  com- 
e  data  on  cord  blood  lymphocytes 
:ryopreservation .  Recently,  Hender- 

al,  (6)  have  shown  that  EB  virus 
)n,  using  fresh  lymphocytes  coculti- 

with  feeder  layer  tissues,  leads  to 
:ed  sensitivity  of  the  transformation 

Our  data  using  cryopreserved  lym- 
:es  (Table  III)  supports  that  conclu- 
ymphocytes  cocultivated  with  feeder 

resulted  in  approximately  tenfold 
arus  transformation  activity  than  lym- 
:es  cultured  without  feeder  layers. 

technology  required  to  freeze  and 
>rimary  umbilical  cord  blood  lympho- 
s  simple  to  apply,  has  been  extended 
ude  peripheral  blood  lymphocytes  of 
human  and  nonhuman  primates  and 
j  to  major  reduction  in  time  spent  in 
-y  rooms  waiting  for  umbilical  cord 
specimens.  In  addition,  large  samples 
phocytes  from  the  same  infant  can  be 
ed,  preserved  and  referred  to  as  often 
ded,  making  possible  repeated  inves- 
ns  on  the  same  sample  of  lymphocytes 

long  series  of  experiments.  Finally, 

a  cell  system  sensitive  to  EBV  infec- 
eserved  for  use  whenever  needed  has 
;ed  the  flexibility  of  the  clinical  diag- 
^irology  laboratory  which  is  now  able 


to  process  specimens  for  isolation  of  EB 
virus  as  they  sporadically  arrive. 

Summary.  We  have  described  the  appli- 
cation of  cryopreservation  technology  to 
freeze  storage  of  human  primary  umbilical 
cord  blood  lymphocytes  and  have  shown 
that  the  cryopreserved  cells  remain  as  sen- 
sitive to  EB  virus  infection  and  transforma- 
tion as  the  fresh  autologous  lymphocytes. 
The  methodology  has  been  satisfactorily  ap- 
plied to  primary  peripheral  blood  lympho- 
cytes from  adult  human  sources,  and  has 
been  a  convenient  time  and  resource  saving 
advance. 
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When  young  C58  mice  (<6  month-old) 
are  immunized  (1)  to  syngeneic  line  I^  ma- 
lignant lymphoid  cells  (I^  cells)  they  are 
immune  to  a  challenge  to  10^  viable  cells. 
Immunity  persists  for  at  least  a  year  (1)  and 
is  primarily  T  cell  mediated  (2).  However, 
when  young  immunosuppressed  C58  mice 
(3),  or  those  immunologically  compromised 
by  age  (4),  are  similarly  immunized  they 
develop  a  paralytic  central  nervous  system 
disease  (immune  polioencephalomyelitis  or 
IPE)  that  is  characterized  by  an  inflamma- 
tory destruction  of  neurons  in  the  cord  and 
brain  stem  (5).  Current  evidence  indicates 
that  as  C58  mice  age  they  spontaneously 
lose  a  T  cell  subpopulation  resistant  to  350R 
(6)  that  protects  them  from  induction  of 
the  disease.  We  are  interested  in  the  central 
question  of  whether  the  l^^  cell  antigen  that 
immunizes  C58  mice  to  transplantable  leu- 
kemia is  also  the  one  that  elicits  IPE.  As  a 
first  step  we  compared  the  relative  effective- 
ness of  low  energy  sonication  and  3  M  KCl 
extraction  for  preparing  solubilized  anti- 
gens. We  report  here  that  antigens  solubi- 
lized from  lb  cells  by  either  method  elicited 
IPE  in  indicator  C58  mice  and  immunized 
immunocompetent  animals  to  the  disease. 
Crude  solubilized  preparations  also  immu- 
nized mice  to  transplanted  line  I^,  leukemia. 

Methods.  C58  mice.  The  linage  of  our 
strain  of  C58  mice  (C58/wm)  and  the  meth- 
ods of  mouse  husbandry  were  described  (1, 
7).  X-Irradiated  5  month-old,  or  non-x-ir- 
radiated  9-12  month-old  mice,  were  used 
for  assays  of  IPE  (3).  /^  cells.  The  methods 
used  to  prepare  suspensions  of  viable  I^ 
cells  were  described  (1,  2).  Spleens  re- 
moved from   mice   moribund  from   trans- 

'  This  work  was  supported  by  Grant  No.  NSO  9933 
from  the  National  Institute  of  Neurologic  Diseases  and 
Stroke,  United  Stales  Public  Health  Service. 

*  Present  address:  Department  of  Microbiology, 
University  of  Cincinnati  Medical  Center,  Cincinnati, 
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planted  leukemia  were  dispersed  gently  in 
cold  (4**)  HBSS  (Hanks  balanced  salt  solu- 
tion) and  teased  apart  with  scalpels  to  yield 
single  cell  suspensions.  Cell  preparations 
were  allowed  to  stand  3-5  min  to  let  gross 
particles  settle.  The  supernatant  cells  were 
transferred  to  a  conical  centrifuge  tube  and 
sedimented  at  25Qg  for  3  min.  The  sedi- 
mented  cells  were  washed  three  times  and 
resuspended  in  10  ml  of  HBSS.  Total  and 
viable  cell  counts  (trypan  blue  exclusion) 
were  done  as  described  previously  (1,  2). 
Unless  specified  otherwise  suspensions  con- 
tained ca.  10®  viable  cells/ml. 

X' Irradiation.  X-Irradiated  I^  cells  were 
used  to  elicit  IPE  (3).  I^  cells  were  irradi- 
ated in  a  60  X  15  mm  plastic  dish  containing 
5-10  ml  of  cell  suspension.  Cells  were  irra- 
diated by  a  Westinghouse  Coronado  X-ray 
Therapy  Machine  operated  at  200  KV  and 
15  ma  through  a  1.0  mm  Al  filter  to 
produce  a  dose  of  527.5  R/min  at  a  target 
distance  of  24  cm.  A  dose  of  10,000  R  was 
used.  Five  month-old  C58  mice  used  for 
IPE  assays  received  525  R  with  the  machine 
calibrated  to  deliver  67  R/min  at  a  target 
distance  of  70  cm  when  operated  at  250 
KV  and  15  ma  using  0.5  mm  Cu  and  1.0 
mm  Al  filters.  One  day  after  x-irradiation 
they  were  challenged  by  the  ip  injection  of 
10^  or  10^  x-irradiated  I^  cells. 

Assays  for  IPE.  The  main  clinical  and 
histopathologic  features  of  the  disease  and 
the  statistical  limits  of  assays,  were  de- 
scribed (3).  The  earliest  onset  occurs  9-10 
days  after  the  ip  injection  of  10'  x-irradiated 
lb  cells  with  a  peak  at  12-15  days.  Since 
IPE  may  develop  as  late  as  20-30  days  all 
mice  were  scored  over  a  30-day  observatk)n 
period. 

Sonication.  Care  was  taken  to  employ  the 
optimum  conditions  described  by  Reisfeld 
and  Kahan  (8).  Viable  cells  were  sonicated 
for  5  min  (10  KHz  @  a. 25  ma,  4**)  using  a 
Raytheon  low  intensity  DFlOl  oscillator. 
30 
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rganelles  and  debris  were  sedimented 
quential  centrifugation:  600  x  g  for 
in  followed  by  30,000g  for  60  min. 
ssultant  supernatant  fluid  was  labeled 
This  preparation  then  was  centrifuged 
),000g  for  2  hr  at  4**  and  designated 
.  The  100-s  preparation  was  dialyzed 
;t  100  vol  of  PBS  at  4**  over  a  24-hr 
1.  PBS  was  changed  four  times  at  6-hr 
als.  The  product  was  designated  100- 
Jl  preparations  were  passed  through  a 
im  filter  (Millipore  Corporation,  Bed- 
MA)  and  stored  at  -60**. 
f  KCl  extraction.  The  methods  were 
ed  from  those  described  by  Metzler  et 
I.  Seven  milliliter  of  a  solution  contain- 
.27  M  potassium  chloride  and  0.005 
tassium  phosphate  buffer,  pH  7.4  was 
I  to  3  ml  (4**)  of  cell  suspension.  After 
ation  for  18  hr  the  solution  was  clari- 
•y  centrifugation  at  30,000g  for  1  hr. 
>ellet  was  discarded  and  the  superna- 
luid  was  dialyzed  against  two  changes 
3  vol  of  PBS  at  4^  The  slight  precipi- 
hat  formed  was  removed  by  centrifu- 
I  at  30,000g  for  60  min.  The  product 
iesignated  30-k.  Further  centrifuga- 
filtration,  and  dialysis  were  the  same 
scribed  above  thus  yielding  prepara- 
designated  100-k  and  100-k,d,  respec- 

hadex  filtration.  Solubilized  antigen 
rations  were  fractionated  by  column 
latography  employing  either  Sephadex 
3  or  Sephadex  G-200  (Pharmacia  Fine 
licals;  Uppsala,  Sweden).  Samples 
fractionated  on  0.9  x  30  cm  columns, 
lalf  milliliter  fractions  were  collected 
30  min.  Columns  were  eluted  with 
M  sodium  phosphate  buffer  with  0.10 
dlium  chloride,  pH  7.4  at  4°.  Protein 
ntrations  were  determined  by  the 
3d  of  Lowry  et  al.  (10).  All  columns 
calibrated  with  blue  dextran  (mol  wt 
'),  bovine  serum  albumin  (mol  wt  = 
>0),  and  egg  white  lysozyme  (mol  wt 
.800). 

ctron  microscopy.  At  various  stages  of 
;n  preparation  samples  were  examined 
J  negative  staining  technique.  Droplets 
lubilized  preparations  were  deposited 
)rmvar  carbon  coated,  two-hundred 
,  grids.  After  blotting  specimens  dry 
vere  negatively  stained  with  2%  phos- 


photungstic  acid  (aqueous)  for  30  sec.  Sam- 
ples were  examined  in  a  JEOL-IOOB  elec- 
tron microscope  (Medford,  MA)  operating 
at  60  KV. 

Results.  Solubilization  of  antigens.  Anti- 
gens were  solubilized  from  I^,  cells  by  either 
low  frequency  sonication  (5  min,  10  KHz, 
1.25  ma,  4°)  or  3  M  KCl  extraction  (18  hr, 
4**)  as  described.  Decreases  in  protein  con- 
centration during  fractionation  were  com- 
pared using  the  starting  preparations  30-s 
and  30-k  as  the  reference.  With  the  soni- 
cates there  was  approximately  a  12%  de- 
crease in  protein  between  the  30-s  and 
100-s  preparation  with  an  additional  17% 
decrease  after  dialysis.  Overall,  there  was 
approximately  a  27%  decrease  between  the 
30-s  and  100-s,d  products.  For  the  KCl 
extracts  the  decrease  in  protein  concentra- 
tion between  the  30-k  and  100-k  prepara- 
tion was  approximately  7%  followed  by  an 
additional  28%  decrease  after  dialysis. 
Overall,  there  was  a  29%  decrease  in  pro- 
tein content  between  the  30-k  and  100-k, d 
products.  Electron  microscopic  examination 
of  the  various  preparations  showed  that  the 
30-s  preparation  contained  numerous  cell 
membrane  fragments;  C-type  particles  were 
rare.  Corresponding  30-k  preparations  did 
not  contain  detectable  C-type  virus  particles 
and  membrane  fragments  were  rare.  The 
100-s  preparations  did  not  contain  detecta- 
ble C-type  virus  particles;  membrane  frag- 
ments were  rare.  The  100-k  preparations 
did  not  contain  detectable  membrane  frag- 
ments or  C-type  virus  particles. 

Sephadex  G-150  gel  filtration.  These  ex- 
periments were  done  to  determine  whether 
solubilized  preparations  were  stable,  re- 
coverable from  gels,  and  to  indicate  the 
major  molecular  species  that  were  immuno- 
genic or  paralytogenic.  The  30-s  prepara- 
tion containing  three  major  molecular  spe- 
cies (Fig.  lA).  Peak  1  (tubes  15-21)  con- 
sisted mainly  of  the  void  volume,  mol  wt  > 
150,000.  Peaks  2  (tubes  22-33)  and  3 
(tubes  34-39)  had  mol  wt  of  approximately 
69,000  and  14,000,  respectively.  The  30-k 
preparation  contained  only  2  major  molec- 
ular species  corresponding  to  mol  wt  of 
approximately  60,000  (tubes  25-33)  and 
<14,000  (tubes  34-40),  respectively.  The 
slight  shoulder  (tube  21)  in  the  first  peak 
suggested  the  occurrence  of  a  third  unre- 
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solved  molecular  species.  When  the  30-s 
preparation  was  ultracentrifuged  at 
lOCOOOg  for  2  hr  (Fig.  IB),  the  profile  for 
the  100-s  preparation  was  essentially  the 
same  as  in  Fig.  lA  except  for  lesser 
amounts.  However,  four  peaks  were  found 
in  the  100-k  preparation.  Figure  IC  shows 
that  dialysis  removed  the  lower  molecular 
weight  species  from  both  the  100-s  and 
100-k  preprations. 


9        18     27     36     45 
TUBE    NUMBER 

Fig.  1.  Sephadex-150  gel  filtration  of  solubilized 
preparations.  Columns  (0.9  x  30  cm)  were  equili- 
brated with  0.05  M  sodium  phosphate  buffer  contain- 
ing 0.10  M  sodium  chloride,  pH  7.4.  Columns  were 
calibrated  (arrows,  left  to  right)  with  the  dextran  (mol 
wt,  2  X  10*),  bovine  serum  albumin  (mol  wt,  69,000) 
and  egg  white  lysozyme  (mol  wt,  14,000).  Each  column 
received  0.3  ml  of  preparation  (0.725  mg  protein/ml); 
0.5  ml  fractions  were  collected  every  30  min  (4*)  by 
elution  with  the  described  buffer.  The  Lowry  method 
(10)  was  used  for  protein  determinations.  (A)  shows 

30-s    (• •)    and    30-k    (O O);    (B)    100-s 

(• •)  and   100-k  (O O);  and  (C)   100-s,d 

(• •)  and  10()-k,d  (O O). 


Induction  of  IPE  by  solubilized  prepara- 
tions. Table  I  shows  that  the  30-s  and  SO-k 
preparations  were  fully  paralytogenic  at  >1 
/xg.  The  100-s,  100-k,  100-s,d,  and  100- 
k,d  paralyzed  about  50%  of  mice  at  the 
100  fig  level  but  not  at  the  1  /Ltg  concentra- 
tion. Control  preprations  from  normal  C58 
mouse  spleens,  or  from  spleens  of  mice 
with  spontaneous  leukemia,  were  not  para- 
lytogenic. Table  II  shows  that  preparations 
eluted  from  Sephadex  G-150  columns  elic- 
ited IPE. 

Immunization  of  mice  to  IPE.  Three- 
month-old  normal  C58  mice  received  from 
1  to  4  weekly  injections  ip  of  solubilized 
preprations.  Four  weeks  later  mice  were 
tested  for  their  capacity  to  resist  the  induc- 
tion of  IPE  when  challenged  by  the  injection 
of  x-irradiated  I^  cells.  Control  mice  re- 
ceived either  HBSS  or  normal  syngeneic 
spleen  cells  in  place  of  the  immunizing  prep- 
aration. Table  III  shows  that  all  test  prepa- 
rations were  immunogenic. 


TABLE  I.  Induction  of  IPE  by  Solubiuzed 
Line  I|,  Cell  Piepaiations. 


Fraction  of 

Protein  (fig) 

mice  that*  de- 

Cell preparation 

injected  ip 

veloped  IPE 

30-s 

100 

5/5 

10 

8/8 

1 

5/7 

30-k 

100 

7/9 

10 

7/9 

1 

8/8 

100-s 

250 

15/17 

100 

3/8 

1 

1/9 

100-k 

250 

4/4 

100 

5/7 

1 

0/7 

100-s,d 

250 

9/9 

100 

6/10 

1 

0/10 

100-k.d 

250 

4/4 

100 

6/9 

1 

0/10 

NMS-30-S* 

250 

0/19 

SL-30-S'- 

500 

0/5 

"  Number  of  mice  with  IPE/number  injected.  FIv^ 
month-old  indicator  mice  received  525 R  1  day  before 
ip  injection  of  1  ml  of  each  preparation.  Mice  were 
scored  for  paralysis  over  a  30-day  period. 

*  Normal  mouse  spleen  cells  were  used  in  place  ol 
lb  cells. 

**  Spleen  cells  were  obtained  from  C58  mice  (6-1* 
months  old)  with  spontaneous  leukemia. 
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£  II.  Induction  of  IPE  by  30-s  and  30-k 
.cnoNS  Eluted  from  Sephadex  G-150 
Columns. 


Mg  or  ng 

Fraction  paralyzed* 

latc* 

of  protein 

injected  ip 

30-s 

30-k 

25     Mg 

16/16 

Not  done 

i  150,000) 

2.5  Mg 

14/15 

250    ng 

10/15 

25     ng 

4/16 

2.5ng 

0/14 

25     Mg 

10/20 

12/21 

=  69,000) 

2.5Mg 

0/13 

3/22 

250    ng 

1/14 

0/16 

25     ng 

0/12 

0/17 

2.5ng 

0/17 

0/17 

25     Mg 

9/18 

Not  done 

«  14,000) 

2.5Mg 

0/16 

250    ng 

0/16 

25     ng 

0/14 

2.5  ng 

0/13 

3nated) 

250     Mg 

23/25 
0/22 

ites  from  five  tubes  of  the  central  portion  of 
k  were  combined, 
footnote  a.  Table  I. 

i  III.  Immunization  of  C58  Mice  to  IPE 
'  SoLUBiuzED  Ik  Cell  Preparations. 


lized  cell 
aration 


Number  of 

weekly"  i.p. 

injections 


Fraction  of  mice 

that  developed 

IPE» 


»-s 

0/10 

0/10 

3/8 

2/10 

\-k 

1/9 
0/7 
0/5 
1/9 

lO-s'- 

0/10 

lO-k 

0/10 

sc** 

12/20 

BSS 

13/24 

1  1  ml  inje 

ction  contained  1  it 

ig  of  protein. 

footnote  a.  Table  I.  Data  were  compiled  from 

cate  experiments. 

i  in  the   100-s  or  100-k  groups  received  a 

ection  2  weeks  before  challenge. 

adiated  normal  spleen  cells  were  used  for 

ition. 

inization  to  transplantable  leukemia. 
n  be  immunized  to  purified  I^  cell 
ines  (11)  providing  that  optimum 
gimens  are  used.  Immunization  was 
fective  when  10^  viable  I^,  cells  were 
I  with  purified  membrane  fractions. 
ar  approach  was  used  to  determine 


the  immunogenicity  of  the  solubilized  line 
lb  cell  antigens.  Table  IV  shows  that  1-10 
mg  of  30-s  or  1-5  mg  of  30-k  were  immu- 
nogenic when  injected  with  either  10^  or 
10^  viable  I^  cells.  When  mice  received  2-3 
ip  injections  of  30-s  alone,  spaced  4  days 
apart,  and  were  challenged  with  10^  viable 
lb  ceils  15  days  later,  8/20  survived  chal- 
lenge. However,  neither  the  100-s  or  100-k 
preprations  were  immunogenic  as  tested 
(Table  IV). 

Discussion,  These  experiments  compared 
the  effectiveness  of  solubilizing  antigens 
from  line  lb  cells  by  low  energy  sonication 
and  3  M  KCl  extraction.  The  immediate 
objective  was  to  determine  which  technique 
was  superior  and  whether  the  products  ob- 
tained elicited  IPE  or  were  immunogenic. 
The  more  long  term  objective  is  to  deter- 
mine whether  the  same  molecular  species 
of  antigen  that  elicit  IPE  also  are  immuno- 
genic to  IPE  and  transplanted  line  lb  leuke- 
mia. In  assessing  results  it  is  relevant  to 
consider  an  appropriate  definition  of  the 
term  **soluble."  Reisfeld  and  Kahan  (8) 
suggested  that  solubility  be  defined  to  mean 
that  preprations  are  free  of  membrane  frag- 
ments as  determined  by  electron  micros- 
copy, that  they  penetrate  into  chromato- 
graphic gels,  and  that  they  do  not  lose 
antigenic  activity  after  "extensive  ultracen- 
trifugation  at  130,000g."  We  found  mem- 
brane fragments,  and  the  C-type  virus  par- 

TABLE  IV.  Immunization  of  C58  Mice  to 
Transplantable  Leukemia. 


Admixture" 

Mg  solu- 

Solubilized 

bilized 

Viable  lb 

preparation 

antigen 

cells 

Survivors* 

30-s 

10 

10» 

13/16 

30-s 

5 

10» 

9/10 

30-s 

5 

10=^ 

9/10 

30-5 

1 

10^ 

8/10 

30-k 

5 

10> 

3/3 

30-k 

1 

10^ 

3/15 

100-s 

5 

10> 

0/16 

100-k 

5 

103 

0/7 

"  Mice  that  received  a  single  ip  injection  of  each 
admixture  were  challenged  with  either  10=^  or  10' 
LDIOO  of  viable  lb  cells. 

*  Number  of  mice  that  survived  immunization  and 
challenge/number  tested.  When  control  mice  received 
10^  viable  normal  C58  spleen  cells  in  place  of  the 
soluble  antigen  none  survived  the  immunization. 
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tides  associated  with  line  I^  cells,  to  be 
useful  markers  to  monitor  purification  by 
electron  microscopy.  Interestingly,  the  3  M 
KCl  preparations  were  essentially  free  of 
membrane  fragments  after  centrifugation  at 
30,000g  for  1  hr  and  C-type  particles  were 
not  detected.  Sonicates  were  not  free  of 
membrane  fragments  even  after  centrifuga- 
tion at  100,000g  for  2  hr.  Metzgar  et  al. 
(12)  have  shown  that  centrifugation  at 
lOOjOOOg  for  4-6  hr  sediments  membrane 
vesicles  in  KCl  extracts  of  human  leukemic 
cells.  Such  results  suggest  that  it  is  difficult 
to  free  solubilized  preparations  from  mem- 
brane fragments.  The  current  results  suggest 
that  3  M  KCl  extraction  is  a  superior  ap- 
proach in  this  regard. 

Within  the  context  of  the  current  studies 
the  Sephadex  gel  filtration  experiments 
were  not  carried  out  in  sufficient  detail  to 
permit  firm  conclusions  to  be  drawn  con- 
cerning the  precise  molecular  species  pos- 
sessing biological  activity.  It  is  clear,  how- 
ever, that  the  procedures  used  for  purifica- 
tion did  not  destroy  the  biological  activity 
of  the  various  products.  The  Sephadex  G- 
150  gel  filtration  data  indicate  that  the  high 
molecular  weight  "excluded  volume"  seen 
with  sonicated  preparations  was  greatly  di- 
minished in  the  3  M  KCl  extracts.  Several 
lines  of  evidence  suggest  that  paralytogenic 
activity  was  not  exclusively  associated  with 
the  void  volume.  Table  II  presents  data 
indicating  that  IPE  was  elicited  by  molecu- 
lar species  found  in  peak  2  (mol  wt  «= 
69,000)  and  3  (mol  wt  « 14,000).  These 
results  confirm  our  earlier  work  (13)  which 
showed  that  serum,  obtained  from  mice  1 
day  after  the  ip  injection  of  10^  inactivated 
lb  cells,  contained  molecular  species  of  a 
size  range  of  64,000-165,000  that  elicited 
IPE.  Considered  together  the  results  indi- 
cate that  molecular  species  with  a  size  range 
less  than  150,000  daltons  may  elicit  the 
disease.  From  the  current  studies  it  appears 
that  by  the  use  of  3  M  KCl  extracts  and 
preparative  gel  electrophoresis  it  should  be 
possible  to  identify  definitively  the  molecu- 
lar species  responsible  for  eliciting  IPE.  In 
this  regard  one  key  advantage  of  the  IPE 
model  is  that  the  exquisite  sensitivity  of  the 
assay  for  the  disease  makes  it  easy  to  trace 
and  quantify  biological  activity  during  var- 


ious steps  of  purification . 

Since  sensitive  methods  were  worked  (1- 
3)  out  for  immunizing  C58  mice  to  line  1^, 
leukemia  and  IPE  it  was  possible  to  test 
whether  immunogenicity  was  lost  during 
solubilization  and  purification  of  antigens. 
Table  III  shows  that  a  single  ip  injection  of 
1  mg  of  the  30-s,  30-k,  100-s  or  100-k 
preprations  immunized  mice  to  IPE.  Table 
IV  shows  that  the  30-s  and  30-k  prepara- 
tions also  immunized  mice  to  transplantable 
leukemia  but  that  the  100-s  and  100-k  prep- 
arations were  not  immunogenic  under  the 
simple  test  conditions  that  were  used.  Con- 
sidered together,  however,  the  results  pre- 
sented in  Tables  III  and  IV  provide  a  basis 
for  determining  whether  the  same  molecular 
species  can  be  both  immunogenic  and  par- 
alytogenic in  the  line  Ib-C58  model.  The 
crucial  difference  in  a  protective  response, 
compared  with  a  paralytogenic  one  in  the 
IPE  model,  appears  to  be  governed  (6)  by 
a  loss  in  a  350R  resistant  T  cell  subpopula- 
tion  (presumably  a  suppressor  T  cell)  which 
is  lost  spontaneously  as  C58  mice  age. 

Summary.  The  relative  effectiveness  of 
sonication  and  3  M  KCl  extraction  for  solu- 
bilizing  antigens  from  line  I^,  malignant  lym- 
phocytes were  compared.  Electron  micro- 
scopic studies  provided  evidence  that  3  M 
KCl  extracts  contained  fewer  membrane 
fragments  and  more  closely  approximated  a 
rigorous  definition  of  "soluble."  Sephadex 
G-150  gel  filtration  data  indicated  that  the 
solubilized  preprations  contained  three 
main  peaks,  viz,  the  void  volume,  a  molec- 
ular species  < 69, 000  and  a  molecular  spe- 
cies <  14,000.  Fractions  eluted  from  Sepha- 
dex columns  elicited  immune  police nceph- 
alomyelitis  in  indicator  mice.  Solubilized 
preparations  immunized  mice  to  the  dis- 
ease. Preparations  containing  membrane 
fragments  immunized  C58  mice  to  trans- 
plantable line  1 1,  leukemia. 
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From  the  Preface:  terns  provided  the  major  substance  for  the  conference  and 

The  ICN-UCLA  conference  on  Molecular  Mechanisms  in  these  proceedings, 
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Molecular  Biology  Institute  of  UCLA  was  held  in  Keystone.  Eukaryotic  Chromosomes.  Interaction  of  RNA  Polymerase 
Colorado    March  21  to  26.  1976.  The  year  preceding  the  and  Regulatory  Molecules  with  Defined  DNA  Sites.  RNA 
meeting  brought  major  advances  in  our  understanding  of  Polymerases  of  Eukaryotes:  Transcription  and  Specificity, 
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Over  the  past  twenty  five  years   work  on  the 
structure,  function  and  ageing  of  connective  tissue 
has  been  tackled  both  by  gerontologists  and  bio- 
chemists. In  this  book,  Dr.  Hall  a  biochemical 
gerontologist  combines  both  these  approaches,  not 
only  to  appraise  recent  research  but  also  to  advance 
new  theories  on  the  relationship  between  structure 
and  function  and  the  way  they  are  affected  by 
development  and  ageing.  He  considers  age  research 
and  connective  tissue  studies  on  a  multi-disciplinary 
basis,  discussing  the  age  relationship  of  the 
chemistry,  biochemistry,  histology,  microstructure, 
physical  function  and  physiology  of  a  variety  of 
different  forms  of  connective  tissue. 
This  book  should  provide  stimulating  reading  for 
connective  tissue  biochemists,  gerontologists  and 
all  those  engaged  in  clinical  studies  involving 
connective   tissue:   among  them  cardiologists, 
dermatologists,  orthopaedic  surgeons  and  rheuma- 
tologists.  It  should  prove  of  considerable  use  and 
interest  to  students  of  biochemistry  and  anatomy. 
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intramuscular 
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intraperitoneal 

ip 

intravenous 
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kilocalorie 

kcal 
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spell  out 

meter 

m 

microliter 

/ii 

micrometer 

/im 

milligram 

mg 

milliliter 

ml 

millimeter  mm 

milliosmole  mOsm 
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molal  (concentration)  m 

molar  (concentration)  M 

inole  spell  out 

molecular  weight  mol  wt 

nanogram  ng 

nanometer  nm 

normal  (concentration)  N 

osmole  Osm 

ounce  oz 

outside  diameter  o.d. 

parts  per  million  ppm 

percent  % 

picogram  pg 

revolutions  per  minute  rpm 

second  sec 

specific  activity  sp  act 

square  centimeter  cm' 

square  meter  m* 

subcutaneous  sc 

volt  V 

volume  vol 


>urh]ghpressiire 
lad^age  H)r  treating 
oday's  rat  race. 


There's  a  lot  of  money 
sing  spent  today  trying 
unlock  the  mysteries 
hypertension,  acon- 
tion  currently  affecting  up  to 
•,000,000  Americans.  TTiis  invest- 
ent  is  best  protected  through  using  Charles  River  COBS®  SHR  hyperte 
/e  inbred  albino  rats  and  COBS®  WKY  normotensive  controls. 
Our  rats  keep  your  blood  pressure  down.  Because  theirs  is  always  up. 
direct  systolic  pressures  of  180-220  nimHg  are  recorded  consistently 
our  8-10  week  old  male  brg^ding  stpck.  And  oiir  SfiR  is  continuously 
""  broth#^siiSt4^^E!^'ahd^h^tored,  which  assurej 

^[ffii^i^fi|^.t)f ik^ftj^y  hyper^ 
.  ^  esam6iftter!|!»tionalstodardofexc^^ 
alway^xpected  from  Charles  River.  ' 

Used  in  the  U.S.  for  nearly  three  years,  our 
dynamic  duo  is  made  available  to  European  re- 
seai'chers  through  Chai'les  River  France.  For  the 
proper  control  on  cardiovascular  research,  call  (617 
i         658-3333.  You'll  get  high  readings  from  us. 


/•  > 


Charies  River  /^ 


KROM  THE 
HAND  OF  THE 
-LTERINARIAN 
TO  RESEARCH 


lann  Cages  have  changed  the  shape  of  animal  housing 


IMANN  name  is  a  hallmark  for  indi- 
md  craftmanship  on  a  complete  line  of 
all  of  your  laboratory  animals  . . .  rats, 
nea  pigs,  hamsters,  rabbits,  dogs.  cats. 
Dr  poultry 

ome  of  the  individual  features  of 
rS  cages  yourself.  Note  the  generous 
s,  optional  automatic  watering,  strong 
elds,  special  design  casters  with  brakes, 
interchangeability  of  various  units  and 
Jt  that  means  more  flexibility  and  max- 
ciency  for  your  animal  housing. 


Look  at  the  craftmanship  of  WAHMANN  stainless 
steel  units — the  proper  gauge,  alloy  finish,  design. 
Contact  WAHMAMM  now.  See  what  65  years  of 
specializing  in  laboratory  animal  cages  can  mean 
to  your  laboratory  animal  housing  requirements. 

Ask  for  our  complete  64  page  catalog. 


WAHMANN  MANUFACTURING  CO. 
10  West  Aylesbury  Road 
TImonium,  Maryland  21093 
Telephone:  (301)  252-2000 


Waliiiisiiiii 

CUSTOM  CRAFTED  BY  LABORATORY  ANIMAL 
ENGINEERING  SPECIALISTS 


Council  1978-79 


President,  DeWitt  Stetten,  Jr. 
National  Institutes  of  Health 

President' Elect,  Robert  W.  Berliner 
Yale  University 

Past  President,  Dennis  W.  Watson 
University  of  Minnesota 

Treasurer,  Gregory  W.  Siskind 
Cornell  Medical  Center 

Secretary  and  Ass* t  Treasurer,  Mero  R.  Nocenti 
Columbia  University 


D.  L.  AZARNOFF  '79 

Univ.  of  Kansas 

A.  H.  Briggs  '81 
University  of  Texas 

H.  F.  DeLuca  '81 
University  of  Wisconsin 

P.  P.  FoA  '79 
Sinai  Hosp.  of  Detroit 


I.  J.  Fox  '81 
Univ.  of  Minnesota 

J.  P.  GlLMORE 

Univ.  of  Nebraska 

J.  H.  Leathem  '79 
Rutgers  State  Univ. 

M.  Ward  Orsini  '81 
Univ.  of  Wisconsin 


R.  J.  Peanasky  79 
Univ.  of  South  Dakota 

E.  E.  Selkurt  '81 
Univ.  of  Indiana 

M.  D.  Siperstein  '79 
Univ.  of  California 

D.  B.  ZiLVERSMrr  '81 
Cornell  Univ. 


membership  application 

"Membership  in  the  Society  for  Experimental  Biology  and  Medicine  is  open  to  all  individuals  who 
have  independently  published  original  meritorious  investigations  in  experimental  biology  or  experimen- 
tal medicine  and  who  are  actively  engaged  in  experimental  research.  In  general,  applicants  should  be 
beyond  a  supervised  post-doctoral  experience  in  order  to  be  able  to  demonstrate  the  ability  to  conduct 
independent  investigations. 

Application  forms  may  be  obtained  from  the  Office  of  the  Secretary,  Society  for  Experimental 
Biology  and  Medicine,  630  W.  168th  St.,  N.Y.,  N.Y.  10032." 


Board  of  Editors 


M.    R.    NOCENTI 

Managing  Editor 

630  W.  168th  Street 

New  York,  N.Y.  10032 

212  WA- 7-6914 

.  Ahlquist 

Z. 

N.  Gaut 

H.    LlEBHABER 

L 

Rothchild 

LLISON,  Jr. 

G 

.  L.  Gebber 

C.  W.  Lloyd 

R. 

Ross 

LPEN 

J. 

Genest 

P.  D.  Lotlikar 

J. 

RUDICK 

.  Altura 

D 

.  G.  Gilmour 

C.    C.    LUSHBAUGH 

B. 

B.  Saxena 

ARMSTRONG 

E. 

C.    GOTSCHLICH 

L.  C.  McLaren 

W 

.  Sawyer 

.  N.  Bach 

I. 

Green 

D.  F.  Malamud 

A. 

J.  Sbarra 

.  Baehner 

G. 

GUROFF 

L  Mandl 

A. 

V.    SCHALLY 

.  Barraclough 

N. 

S.  Halmi 

A.  J.  Marcus 

R. 

A.    SCHEMMEL 

.  Barron 

C. 

G.  Harford 

A.  Mazur 

R. 

SCHMID 

Beck 

P. 

C.  Harpel 

S.  M.  McCann 

N. 

J.  Schmidt 

.  Berg 

P. 

Harris 

J.  Meites 

H. 

A.  Schneider 

.  Bohr 

M 

.  R.  Hilleman 

F.  H.  Meyers 

E. 

E.  Selkurt 

BOURGOIGNIE 

F. 

G.  Hofmann 

S.    MiRVISH 

J. 

H.  Shaw 

Boyd 

J. 

J.  Holland 

C.  R.  Morgan 

N. 

Shock 

.  Brand 

J. 

A.    HOLOWCZAK 

H.  R.  Morgan 

M. 

.  M.  SiGEL 

RANSOME 

C. 

Howe 

S.  L  Morse 

G. 

W.    SiSKIND 

Brooks 

H. 

D.  Janowitz 

P.    J.    MULROW 

N. 

E.  Sladek 

.  Cain 

D. 

C.  Johnson 

L.    H.    MUSCHEL 

A. 

A.  Spector 

ilEN 

R. 

C.  Johnson 

A.  V.  Nalbandov 

R. 

S.  Spiers 

.  Chignell 

S. 

Klahr 

D.  Nathan 

J. 

G.  Stevens 

.ARK 

T. 

J.  Kindt 

G.    D.    NiSWENDER 

A. 

Stracher 

LARK 

S. 

Koletsky 

M.  Oldstone 

E. 

D.  Thomas 

.  Clifton 

S. 

G.  Korenman 

J.  H.  Oppenheimer 

G. 

J.  Thorbecke 

I.  Cohen 

L. 

C.  Krey 

P.  Y.  Paterson 

M. 

L.  Tyan 

K  Cooper 

J. 

L.    KOSTYO 

W.  E.  Paul 

C. 

M.  Veneziale 

..  Corradino 

C. 

A.  Krakower 

R.  R.  Paradise 

C. 

S.  Vestling 

)OERFLER 

M. 

.  Kuschner 

P.  N.  Patil 

S. 

R.  Wagle 

IBE 

B. 

N.  LaDu 

M.  J.     Peach 

P. 

D.  Webster  III 

knoyan 

M 

.  E.  Lamm 

R.  J.  Peanasky 

H. 

J.  Weiss 

lsbach 

C. 

A.  Lang 

V.  A.  Pedrini 

M. 

E.  Weksler 

.  Finkelstein 

J. 

H.  Leathem 

G.  L.  Plaa 

J. 

M.  Weller 

.  Fisher 

C. 

Lenfant 

S.  A.  Plotkin 

D. 

L.    WiEGMAN 

FOA 

E. 

H.  Lennette 

A.  S.  Rabson 

E. 

E.    WiNDHAGER 

.  Forker 

C. 

E.  Leroy 

M.  M.  Rapport 

M. 

WiNICK 

I.  Frankel 

R. 

Levere 

J.  A.  Resko 

D. 

B.    ZiLVERSMIT 

.  Franklin 

J. 

V.  Levy 

J.    A.    RiLLEMA 

M. 

B.    ZUCKER 

.  Gallo 

C. 

S.    LlEBER 

R.  B.  Roberts 

Editorial  and  Publications  Committee 

M.  ZucKER,  '82,  Chairperson',  L  Clark,  '80;  M.  Hilleman,  '82; 

S.  L  Morse,  '78;  S.  Seiffer,  '82 

The  President y  Vice-President  and  Secretary 


PROCEEDINGS  OF  THE  SOCIETY  FOR  EXPERIMENTAL 
BIOLOGY  AND  MEDICINE 

Volume  157,  Number  3,  March  1978 

Copyright  €)  1 978  by  the  Society  for  Experimental  Biology  and  Medicine 
All  Rights  Reserved 

No  part  of  this  publication  may  be  reproduced  or  transmitted  in  any  form  or  by  any  means,  electronic 
or  mechanical,  including  photocopy,  recording,  or  any  information  storage  and  retrieval  system, 
without  permission  in  writing  from  the  copyright  owner. 

The  appearance  of  the  code  at  the  bottom  of  the  first  page  of  an  article  in  this  journal  indicates  the 
copyright  owner's  consent  that  copies  of  the  article  may  be  made  for  personal  or  internal  use,  or  for  the 
personal  or  internal  use  of  specific  clients.  This  consent  is  given  on  the  condition,  however,  that  the 
copier  pay  the  stated  per  copy  fee  through  the  Copyright  Clearance  Center,  Inc.  (Operations  Staff, 
P.O.  Box  765,  Schenectady,  New  York  12301)  for  copying  beyond  that  permitted  by  Sections  107  or 
108  of  the  U.S.  Copyright  Law.  This  consent  does  not  extend  to  other  kinds  of  copying,  such  as 
copying  for  general  distribution,  for  advertising  or  promotional  purposes,  for  creating  new  collective 
works,  or  for  resale.  Copy  fees  for  pre- 1978  articles  are  the  same  as  those  shown  for  current  articles. 


Proceedings  of  The  Society  for  Experimental  Biology  and  Medicine,  Vol.  157,  No.  3,  March  1978.  Published  monthly 
except  August  by  Academic  Press,  Inc.,  HI  Fifth  Avenue,  New  York,  N.  Y.  10003.  Second  class  postage  paid  at 
New  York,  N.  Y.  and  at  additional  mailing  offices.  1978:  Subscription  per  year  $48.00  U.S.A.;  $62.00  outside 
U.S.A.  All  prices  include  postage.  Send  notices  of  change  of  address  to  the  Office  of  the  Publisher  at  least  6-8  weeks 
in  advance.  Please  include  both  the  old  and  new  addresses.  Copyright  ©  1978  by  the  Society  for  Experimental 
Biology  and  Medicine. 


GROWTH  FACTORS 

ftUILD  STRONG  CELLS 

MANY  WAYS! 


There  are  many  different 
iemonstrable  effects  of  growth 
actors  on  the  growth  of  cells 
1  culture.  And  they  all  add 
ip  to  increased  vitality  and 
^ability. 

If  you  are  having 
jifficulty  growing 
:ells  in  TISSUE  CUL- 
TURE, growth  factors 
can  improve  plating 
efficiency  and  increase 
survival  time.  This  translates 
into  better  cell  growth  and 
function. 

If  you  are  interested  in 
GROWTH  FACTOR  RE- 
SEARCH, the  availability  of  Epidermal 
Growth  Factor  (EGF),  Fibroblast  Growth 
Factor  (FGF),  and  Nerve  Growth  Fac- 
tor (NGF)  from  Collaborative  Research 
eliminates  tedious  and  time-consuming 
preparation.  You  can  devote  your 
time  to  studying  the  mechanisms  by 
which  these  growth  factors  "build 
strong  cells." 

For  INFORMATION  ON  GROWTH 
^ACTORS  summarizing  the  recent 
iterature  (with  references)  and  sug- 
gesting applications  to  cell  culture, 
Jend  for  your  packet  of  our  techni- 
cal literature. 


You  can  now  obtain  from  Collabo- 
rative Research  EGF.  FGF,  and  NGF, 
as  well  as  their  [-^- 1]  labelled  deriva- 
tives and  antisera.  Delivery  is  immedi- 
ate. Other  growth  factors  and  related 
products  will  follow  soon.  For  more 
information  and  to  place  orders,  con- 
tact our  Customer  Service  Department. 


Research  Products  Division 

Collaborative  Research,  inc. 

1365  Main  Street,  Waltham.  Mass.  02154 
Tel.  (617)  899-1133     TWX  710-324-7609 


IbpQuaityLab 
Bottles 


Winscot  offers  clear 

^  V 

glass  bottles  which  have      ^       X                      ^^ 

proven  to  l)e  ideal  for          w              \                      ^k 

growing  cultures.  Our        m                 ^^^— la^^^ 

half-gallon  t)ottles  are        W 

plain;  our  2-litre  lx)ttle  is    1 

graduated  in  metric  units.  1 

You  will  want  to  find  out     1 

for  yourself  why  we  are      1 

your  best  source  for 

1                                          mA 

biological  bottles.  Call 

1                    /^"^J^ 

or  write.  Winscot.  Inc.. 

1                  / 

Box  1.  Clarion.  PA  16214. 

1                / 

814-226-9208. 

1/          ! 

WINSCOT,     1 

INC. 

WI-21024 

^%*n*a«<ii^^«li 

INDEX  TO  ADVERTISERS 


Members  and  subscribers  are  requested  to  cooperate  with  our  advertisers 


Charles  River Cover  4 

Collaborative  Research  Inc v 

Wahmann  Manufacturing   i 

Winscot,  Inc vi 


TABLE  OF  CONTENTS 
BIOCHEMISTRY 

Biochemical  Properties  of  Bovine  Granulocytes                           R.  Gennaro,  C.  Schneider,  G.  de  Ni- 
cola, F.  CiAN.  D.  Romeo 342 

Biosynthesis  of  Insoluble  Elastin  in  Hamster  Lungs  during      S.  Y.  Yu,  N.  R.  Keller,  A.  Yoshida 369 

Elastase-Emphysema 
Collagen  Composition  of  the  Skin  from  Obese  and  Lean      J.   W.  Coffey,   V.  J.   Mattaluno,  C. 

Zucker  Rats  Fiedler-Nagy,  A.  C.  Sullivan 435 

Glycosaminoglycans  of  Cardiac  Tumors  E.  R.  Dalferes,  B.  Radhakrishnamur- 

THY,  G.  S.  Berenson 461 

Loss  of  Hepatic  Monoamine  Oxidase  Activity  Resulting  from      Y.  S.  Kim,  J.  P.  Lambooy 466 

Replacement  of  its  Coenzyme  Flavin 

ENDOCRINOLOGY 


Increased  ATPase  and  Decreased  Alkaline  Phosphatase  Ac- 
tivities by  Parathyroid  Hormone  in  Cultured  Chick  Em- 
bryo Tibiae 

Hypocalcemia  and  Increased  Serum  Calcitonin  in  Baby  Rats 
Given  Glucose  Orally 

Glucose  Metabolism  in  Obese  Men:  Abnormal  Intravenous 
and  Normal  Oral  Glucose  Tolerance 

rhe  Influence  of  Adrenalectomy  and  of  Corticosterone  Ad- 
ministration on  the  Ether-Induced  Increase  in  Plasma 
Prolactin  in  Ovariectomized  Estrogen-Treated  Rats 

inhibition  of  Oxytocin  Release  by  Morphine  and  its  Analogs 

krum  LH  Levels  Following  Multiple  LHRH  Injections  in 
Aging  Rats 


M.  L.  Thomas,  W.  K.  Ramp 358 

C.  W.  Cooper,  J.  F.  Obie 374 

C.  Abraira,  a.  M.  Lawrence 407 

M.  G.  SuBRAMANUN,  R.  R.  Gala 415 

J.  Haldar,  W.  H.  Sawyer 476 

A.  E.  Miller,  G.  D.  Riegle  494 


GROWTH  AND  DEVELOPMENT 


Oxygen  Consumption  and  Body  Fat  Content  of  Young  Lean 
and  Obese  (OB/OB)  Mice 


G.  A.  BOISSONNEAULT,  M.  J.  HoRNSHUH, 

J.  W.  Simons,  D.  R.  Romsos,  G.  A. 
Leveille 


402 


HEMATOLOGY 


The  Kinetics  of  Serum  Ferritin 

Intracellular  Calcium:  Lack  of  Effect  on  Ovine  Red  Cells 


A.  S.  Pollock,  D.  A.LiPSCHrrz,  D.  Cook     481 
J.  W.  Eaton,  E.  Berger,  D.  Nelson,  J.    506 
G.  WHrfE,  O.  RUNDQUIST 


IMMUNOLOGY 


Heterogeneity  of  KCl-solubilized  Antigens  of  Chemically 
Induced  Sarcomas 

'^ferential  Depression  IgM  Producing  Immunocytes  dur- 
ing Mastocytoma-induced  Immunosuppression 

Stimulation  of  Immune  Response  in  Hybrid  Mice  Following 
Rauscher  Virus  Infection 

Enhanced  Expression  of  Histocompatibility  Antigens  on  In- 
terferon-Treated  Mouse  Embryonic  Fibroblasts 


R.  Blackstock,  R.  D.  Schimpff,  R.  T. 

Smhh   354 

H.  Friedman,  1.  Kamo 381 

J.  P.  Okunewick,  R.  F.  MEREDrm,  B. 

Brozovich,  E.  V.  Weaver 449 

F.  ViGNAUX,  1.  Gresser 456 


Correlation  of  Chromium  Sesquioxide  and  ['^CjCellulose  as  L.  P.  Foreman,  B.  O.  Schneeman,  W. 

Fecal  Markers  in  Rats  C.  Weir  418 

Cellular  Antibody  Synthesis  in  Thiamin,  Riboflavin,  Biotin  M.  Kumar,  A.  E.  Axelrod  421 

and  Folic  Acid-Deficient  Rats 

Regulation  of  Food  Intake  During  Long-Term  Loss  of  Food  H.  S.  Koopmans 430 

from  the  Intestines  of  the  Rat 

ONCOLOGY 

Granulocyte  Colony  Formation  in  Chronic  Granulocytic  Leu-  C.  A.  Rhodes,  W.  A.  Robinson.  M.  A. 

kemia  during  Stable.  Accelerated  and  Blastic  Disease  Entringer 337 

Levels  of  Blood  Group  Synthetic  Enzymes  in  Human  Colonic  D.  T.   Kiang.  B.  J.   Kennedy,   R.  D. 

Carcinoma  Edstrom 411 

Increased  Lethality  after  Endotoxin  in  Old  or  Leukemic  AKR      S.  S.  Boggs,  G.  N.  Schwartz  424 

Mice 

Effect  of  the  Prolonged  Immunization  with  Tumor-Unrelated  S.   P.  Targowski,  B.   Albini,   F.   Mil- 

Antigen  on  the  Tumor  Growth  grom 511 

Growth  Promoting  and  Inhibitory  Activities  of  3T3  and  Other  P.  Tanapat.  E.  Gaetjens,  J.  D.  Broome     517 

Cell  Lines  for  Thiol-dependent  Lymphoma  Cells  in  Vitro 

PHARMACOLOGY 

True  and  False  Prophylaxis  in  Experimental  Trypanosomiasis  N.  Ercoli 397 

Effect  of  Antipyretics  on  group  A  Streptococcal  Pyrogenic  P.  M.  Schlievert,  K.  M.  Bethn.  D.  W. 

Exotoxin  Fever  Production  and  Ability  to  Enhance  Le-  Watson  472 

thai  Endotoxin  Shock 

PHYSIOLOGY 

Effects  of  Acute  Fluoride  Intoxication  on  Rats  L.  Singer,   W.   D.  Armstrong,   R.  H. 

Ophaug  363 

Bile  Acids  in  Bile  of  Germfree  and  Conventional  Dogs  M.  H.  Beaver,  B.  S.  Wostmann,  D.  C. 

Madsen  386 

The  Distribution  of  Blotid  Flow  Along  the  Small  Intestine  of      M.N.  Eade,  R.  W.  Ginn  390 

the  Dog 
Independent  Effect  of  Bicarbonate  on  Renal  Citrate  Metabo-      D.  S.  Fraley,  S.  Adler 393 

lism 

Stimulation  of  Gastrin  Release  in  Dogs  by  Individual  Amino  U.  T.  Strunz,  J.  H.  Walsh,  M.  L  Gross- 

Acids  MAN 440 

Effect  of  Anionic  and  Nonionic  Contrast  Media  on  Renal      G.  F.  DiBona 453 

Extraction  of  Para-Aminohippurate  in  the  Dog 

Release  of  Tissue  Taurine  from  the  Oxygen- Deficient  Per-  M.  F.  Crass,  Hi,  J.  B.  Lombardini    —  486 

fused  Rat  Heart 

RADIOBIOLOGY 

Long-Term  Adjuvant  Effect  of  Bacterial  Endotoxin  in  Pre-      U.  H.  Behling,  A.  Nowotny 348 

vention  and  Restoration  of  Radiation-Caused  Immuno- 
suppression 

TISSUE  CULTURE 

Squamous  Metaplasia  of  the  Tracheal  Epithelium  in  Organ      B.    T.    Mossman,    N.    Heintz,    B.    V.    500 
ifc^i^iiiture.  11.  Nutritional  Influences  MacPherson,  J.  E.  Craighead 


Table  of  Contents  ix 

VIROLOGY 

Circulating  Interferon  in  Sudden  Infant  Death  Syndrome  D.  S.  Y.  Seto.  D.  H.  Carver 378 

A  Cardiomyopathy  of  BALB/c  Mice  (Superimposed  Infection      F.  M.  Wilson,  A.M.  Lerner  442 

by  Coxsackievirus  B-3) 
Properties  of  Epstein-Barr  Virus  Transformed  Woolly  Mon-      W.  A.  Andiman.  G.  Miller 489 

key  Lymphoblastoid  Cell  Lines 


i  OF  THE  SOCIETY  FOR  EXPERIMENTAL  BIOLOCiY  AND  MEDICINE  157,  337-341  (1978) 


inulocyte  Colony  Formation  in  Chronic  Granulocytic  Leukemia  during  Stable. 
Accelerated  and  Elastic  Disease  (40049) 


C.  A.  RHODES,  W.  A.  ROBINSON,  M.  A.  ENTRINGER 

Department  of  Medicine,  University  of  Colorado  Medical  Center,  Denver,  Colorado  80262 


lies  of  maturing  granulocytes  and 
[lages  can  be  grown  from  the  periph- 
od  and  bone  marrow  of  normal  hu- 
ings  as  well  as  from  patients  with  a 
riety  of  hematopoietic  disorders  (1-4). 
I  granulocytic  leukemia  little  or  no 
formation  takes  place  from  leukemic 
6).  A  number  of  workers  have  shown, 
r,  that  in  chronic  granulocytic  leuke- 
jL),  at  least  in  the  stable  phase  of  the 
there  are  increased  numt)ers  of  gran- 
colony  forming  cells  (CFU-C)  circu- 
1  the  peripheral  blood  and  the  bone 
(3,  5,  7,  8).  It  has  also  been  suggested 
number  of  such  colony  forming  cells 
;s  in  the  bone  marrow  as  the  acceler- 
blast  phase  of  this  disease  ensues  (3, 
data  supporting  this  contention  has, 
r,  been  scanty. 

present  studies  were  undertaken  to 
ne  the  number  of  CFU-C  in  the  pe- 

blood  and  bone  marrow  of  patients 
GL  during  various  phases  of  their 
These  studies  have  corroborated  pre- 
^ork  indicating  that  the  number  of 
in  peripheral  blood  during  the  stable 
f  the  disease  is  high.  Unlike  previous 
however,  the  present  work  has  shown 
the  accelerated  and  blast  phase  of 
at  colony  forming  cell  numbers  may 
high  or  very  low,  but  are  not  consist- 
creased. 

rials  and  methods.  All  patients  in  this 
ere  seen  at  the  University  of  Colorado 
I  Center  between  January  1,  1970  and 

1977.  The  diagnosis  of  CGL  was 
pon  a  hypercellular  bone  marrow,  the 
e  of  a  low  leukocyte  alkaline  phos- 
scorc  and/or  the  presence  of  the  Phil- 
1  chromosome  in  bone  marrow 
peripheral  blood  preparations.  All  of 
udies  were  performed  after  written 
d  consent  as  approved  by  the  Human 
h  Committee  of  the  University  of 
o  Medical  Center.  The  definitions  of 


various  stages  of  the  disease  as  used  in  this 
study  are  as  follows: 

Stable  phase.  Patients  were  placed  in  the 
stable  phase  if  they  were  either  off  all  medi- 
cation or  on  maintenance  therapy  and  had 
hematocrits  above  30,  platelet  counts  above 
100,000  and  white  blood  cell  counts  (WBC) 
less  than  50,000  with  less  than  5%  blasts  and 
promyelocytes.  Three  patients  whose  WBC 
counts  cycle  periodically  above  50,000  were 
included  because  they  appeared  clinically  to 
be  in  the  stable  phase  of  their  disease. 

Accelerated  phase.  The  criteria  of  Schwartz 
and  Canellos  were  used  to  define  the  accel- 
erated phase  (9).  Patients  who  exhibited  a 
gradual  acceleration  in  their  disease  with  pro- 
gressive anemia,  thrombocytopenia,  leuko- 
cytosis, splenomegaly,  or  thrombocytosis  un- 
responsive to  previously  effective  therapy 
were  considered  to  be  in  accelerated  phase. 
Leukocytosis  with  up  to  20%  blasts  was  felt 
consistent  with  accelerated  phase,  over  20% 
with  blast  phase. 

Blast  phase.  The  criteria  for  definition  of 
blast  phase  were  drawn  from  previous  work 
by  Schwartz  and  Canellos  (9),  Canellos  et  al 
(10),  and  Karanas  and  Silver  (11).  Patients 
who  had  a  rapid  acceleration  of  their  disease 
with  leukocytosis  greater  than  30,000/inm^ 
anemia  with  a  hemoglobin  less  than  10 
gm%,  and  thrombocytopenia  with  platelets 
less  than  100,000,  with  an  FUO  with  T 
greater  than  38.5^  for  5  days;  or  with  an 
increasing  percentage  of  blasts  in  the  marrow 
(20-30%)  were  considered  to  be  in  blast  crisis. 
Patients  with  leukocytosis  and  greater  than 
20%  blasts  in  the  peripheral  blood  were 
placed  in  the  blast  phase  category. 

Fortunately,  the  designation  of  patients 
into  the  above  categories  was  readily  appar- 
ent. No  difficulty  was  encountered  in  sepa- 
rating those  in  the  accelerated  phase  from 
those  in  the  blast  phase. 

Preparation  of  peripheral  blood  and  bone 
marrow  cells  for  colony  growth.  The  tech- 
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nique  used  here  was  that  of  Pike  and  Robin- 
son using  a  double  layer  agar  system  (1).  The 
stimulus  for  colony  formation  in  all  of  these 
studies  was  peripheral  white  blood  cell  feeder 
layers  derived  from  the  peripheral  blood  of 
normal  human  beings.  These  were  prepared 
as  previously  described  in  0.5%  agar  in 
McCoy's  5 A  medium  with  15%  fetal  calf 
serum  in  a  concentration  of  1  x  10^  cells/ml, 
and  stored  in  a  fully  humidifled  CO2  incu- 
bator at  37°  for  up  to  14  days  prior  to  use. 

Peripheral  blood  from  patients  was  col- 
lected in  heparinized  vacuum  tubes,  aUowed 
to  sediment  by  gravity  at  room  temperature 
and  the  white  blood  cell  rich  plasma  removed. 
Peripheral  white  blood  cells  were  then 
counted  and  plated  in  at  least  triplicate  plates 
at  concentrations  of  1  x  10^  and  2  x  10^ 
nucleated  cells  per  ml  in  1  ml  overlayers  in 
0.3%  agar. 

Bone  marrow  was  collected  by  aspiration 
of  the  posterior  iliac  crest  in  heparinized  sy- 
ringes. This  was  followed  by  sedimentation 
at  gravity  at  room  temperature  for  1-2  hr  at 
which  time  the  buffy  coat  plasma  was  with- 
drawn, the  nucleated  cells  counted  and  plated 
as  above  at  concentrations  of  1  x  10^  and  2 
X  10^  cells/ml.  In  the  present  studies  no 
attempts  were  made  to  remove  colony  stim- 
ulating cells  from  the  bone  marrow  or  periph- 
eral blood  overlays. 

After  preparation  the  plates  were  allowed 
to  gel  at  room  temperature  and  then  incu- 
bated in  a  fully  humidified  incubator  at  37° 
for  14-18  days  at  which  time  the  colony 
counts  were  performed  with  the  aid  of  a 
dissecting  microscope.  Only  colonies  contain- 
ing 50  or  more  cells  were  counted. 

Results.  Figure  1  shows  the  number  of 
CFU-C  found  in  the  peripheral  blood  of 
patients  with  CGL  during  the  stable,  accel- 
erated, and  blast  phases  of  the  disease.  In  the 
stable  phase  of  the  disease  43  determinations 
were  made  on  16  patients.  The  mean  number 
of  CFU-C  per  ml  of  blood  was  107  x  10^. 
This  is  almost  twice  the  value  found  in  nor- 
mal human  peripheral  blood  which  in  our 
laboratory  ranges  from  0  to  50  x  10^  colonies 
per  ml  (2).  Note  particularly  that  the  number 
of  colony  forming  cells  in  peripheral  blood 
has  been  expressed  per  ml  of  blood  rather 
than  per  number  of  cells  plated.  This  is  im- 
/x>rtant  because  of  the  extreme  variability  in 
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Fig.  1.  The  number  of  colony  forming  cells  per  ml 
of  peripheral  blood  in  patients  with  chronic  granulocytic 
leukemia  during  the  stable,  accelerated,  and  blast  phases 
of  the  disease.  Each  point  is  the  mean  colony  count  of 
data  from  one  patient  The  number  of  determinations 
(i|),  mean  (/i),  and  median  (o)  values  are  given. 

the  peripheral  white  blood  cell  numbers  in 
these  patients.  In  the  accelerated  phase  of  the 
disease,  the  number  of  colonies  was  further 
increased  to  6  times  the  normal  value  with  a 
mean  colony  count  of  321  X  lO^/ml.  The 
scatter  was,  however,  quite  broad  ranging 
from  19  X  10^/ml  to  1260  X  10^/ml.  The  data 
shown  in  Fig.  1  represents  21  data  points 
obtained  on  10  patients  using  the  criteria  for 
accelerated  phase  disease  as  outlined  earlier. 
The  wide  scatter  noted  suggests  that  the  me- 
dian determination  may  be  a  more  important 
value.  This  is  also  shown  in  Figure  1  for  all 
phases  of  CGL  and  indicates  that  when  the 
number  found  in  the  stable  phase  of  the 
disease  (5  X  10^)  is  compared  to  the  acceler- 
ated phase  an  increase  (43  X  10^/ml  of  blood) 
is  also  found.  During  the  blast  phase  of  the 
disease  the  number  of  colony  forming  cells 
was  again  increased  over  that  found  in  nor- 
mal humans  and  in  the  stable  phase  of  CGL 
with  a  mean  of  251  X  10^/ml  as  shown  in 
Fig.  1.  The  data  shown  here  represents  27 
data  points  on  11  separate  patients.  Here, 
once  again,  the  scatter  was  quite  broad.  De- 
termination of  the  median  s^own  in  Fig.  1, 
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ed  that  the  value  was  higher  (32  X 
am  that  seen  in  the  chronic  phase  of 
ease  but  similar  to  that  found  in  the 
ated  phase.  Attempts  to  correlate  the 
r  of  CFU-C  in  the  peripheral  blood 
bsolute  white  blood  cell  counts,  the 
s  response  to  therapy  or  subsequent 
outcome  were  unsuccessful.  Those 
s  with  high  colony  forming  cell  num- 

the  accelerated  or  blast  phase  of  the 

did  not  differ  significantly  clinically 
lose  who  had  low  or  decreased  colony 
g  cell  numbers. 

re  2  shows  the  number  of  CFU-C  in 
le  marrow  of  the  same  patients  during 
;  phases  of  their  disease.  Unfortu- 

in  the  accelerated  and  blast  phase  of 
ease  bone  marrow  aspirates  are  often 
ible  to  obtain  and  the  number  of  data 
available  was  somewhat  less.  In  these 

the  number  of  colonies  has  been  ex- 
[  as  per  1  X  10^  cells  plated.  In  the 
phase  of  the  disease  42  data  points 
stained  on  22  patients.  The  mean  num- 
x>lonies  grown  was  47  and  the  median 
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I.  The  number  of  colony  forming  cells  per  1  x 
plated  in  the  bone  marrow  of  patients  with 
granulocytic  leukemia  during  the  stable,  accel- 
nd  blast  phases  of  the  disease.  Each  point  is  the 
ony  count  of  data  from  one  patient.  The  number 
ninations  (i|),  mean  (/i),  and  median  (a)  values 
n. 


was  37.  The  mean  number  of  colonies  during 
the  stable  phase  of  the  disease  is  surprisingly 
not  significantly  higher  than  we  have  recently 
reported  for  normal  human  bone  marrow 
grown  under  the  same  conditions  (12).  In 
those  studies,  99  normal  human  bone  mar- 
rows were  plated  at  2  X  10^  cells  and  the 
mean  colony  forming  cell  number  was  closely 
clustered  around  75  with  a  range  from  24  to 
250.  It  is  unlike  data  reported  by  previous 
authors  which  indicated  that  the  number  of 
CFU-C  in  the  bone  marrow  was  markedly 
increased  in  stable  CGL  (3-7).  Also  shown 
in  Fig.  2  are  the  number  of  CFU-C  in  the 
bone  marrow  of  patients  during  the  acceler- 
ated phase  of  the  disease.  Shown  here  are 
eight  data  points  obtained  on  four  patients. 
The  number  of  CFU-C  is  reduced  compared 
to  normal  values  with  a  mean  of  32  and  a 
median  of  28.  In  contrast,  the  mean  number 
of  CFU-C  in  the  bone  marrow  of  patients 
during  the  blast  phase  of  their  disease  is 
markedly  elevated  at  221  colonies/10^  cells 
plated.  The  data  shown  here  contain  12  data 
points  obtained  on  six  patients.  It  can  be  seen 
that  there  was  considerable  scatter  and  when 
the  median  colony  count,  as  opposed  to  the 
mean,  is  determined,  this  value  falls  to  4 
CFU-C  per  1  X  10^  cells.  It  would  appear 
from  the  data  shown  in  Fig.  2  that  in  the 
blast  phase  of  CGL  there  are  two  separate 
populations  of  patients,  one  group  with  high 
numbers  of  CFU-C  in  the  marrow  and  an- 
other group  with  low  numbers.  No  clinical 
difierentiation  between  these  patients  could 
be  determined,  however. 

There  was  a  direct  correlation  between  the 
numbers  of  CFU-C  found  in  the  peripheral 
blood  and  bone  marrow  during  all  phases  of 
the  disease.  When  high  numbers  of  CFU-C 
were  present  in  the  blood,  high  numbers  were 
also  found  in  the  bone  marrow.  The  reverse 
was  also  found  and  is  illustrated  by  the  four 
patients  with  very  low  or  absent  bone  marrow 
CFU-C  during  the  blastic  phase.  In  all  four 
concomitant  determinations  of  peripheral 
blood  CFU-C  also  showed  that  they  were  low 
or  absent. 

Colony  morphology  of  peripheral  blood 
and  bone  marrow  colonies  was  studied  using 
Wright-Giemsa  stained  preparations.  No  def- 
inite differences  in  cellular  maturation  of  col- 
ony cells  were  noted  when  compared  between 
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groups  or  with  normal  human  bone  marrow 
colonies  as  described  previously  (I). 

Discussion.  These  data  have  confirmed 
previous  reports  that  the  number  of  granu- 
locyte colony  forming  cells  in  the  peripheral 
blood  of  patients  with  chronic  granulocytic 
leukemia  is  increased  during  the  chronic  or 
stable  phase  of  the  disease.  These  data  have 
not  confirmed  previous  reports  that  the  num- 
ber of  CFU-C  in  the  bone  marrow  is  in- 
creased, however,  nor  have  they  shown  a 
consistent  decrease  in  the  colony  forming  cell 
numbers  in  the  peripheral  blood  or  bone 
marrow  with  the  advent  of  blast  crisis,  a 
claim  which  has  been  put  forward  previously 
(3,4). 

The  reasons  for  the  differences  in  colony 
growth  noted  between  previous  reports  and 
those  reported  here  do  not  apparently  lie  in 
the  heterogeneity  of  patients  studied.  Clinical 
details  for  the  patient  group  studied  here  have 
not  been  presented  but  they  aU  represent  so- 
called  ''classic'*  chronic  granulocytic  leuke- 
mia with  the  presence  of  the  Philadelphia 
chromosome  and/or  low  leukocyte  alkaline 
phosphatase  scores.  Likewise,  their  clinical 
outcome  with  relationship  to  longevity  or 
response  to  therapy  cannot  be  equated  with 
the  various  colony  forming  cell  numbers 
noted. 

It  is  likely  that  these  results  represent  the 
biologic  variability  that  might  be  expected  in 
such  a  disease  and  that  this  represents  the 
first  large  study  specifically  related  to  this 
disorder. 

Perhaps  of  interest  to  the  present  studies 
has  been  the  recent  finding  of  the  presence  of 
terminal  nucleotidal  transferase  on  the  cells 
undergoing  blast  crisis  in  chronic  granulo- 
cytic leukemia  (13).  This  data  has  suggested 
that  there  may  be  progressive  lymphocyte 
involvement  in  this  disorder  with  the  final 
development  of  acute  lymphoblastic  leuke- 
mia. Previous  studies  from  this  laboratory 
have  shown  that  the  number  of  CFU-C  in 
bone  marrow  of  children  with  acute  lympho- 
blastic leukemia  is  markedly  reduced  com- 
pared to  normal  humans  (14).  It  would  be  of 
extreme  interest  to  determine  whether  those 
patients  in  the  present  studies  who  had  re- 
duced numbers  of  CFU-C  in  the  peripheral 
blood  and  bone  marrow  during  the  advanced 
stages  of  their  disease  were  idso  those  who 


appear  to  transform  to  a  lymphocytic  form  of 
leukemia.  These  studies  have  not  been  per- 
formed to  date  but  are  currently  being  con- 
sidered. 

We  originaUy  hoped  that  determination  of 
colony  forming  cell  numbers  in  peripheral 
blood  and  bone  marrow  might  be  of  prog- 
nostic importance  and  significance.  The  ini- 
tial suggestion  that  as  blast  crisis  ensued  the 
number  of  colony  forming  cells  decreased  kd 
us  to  consider  the  possibility  that  we  migbl 
use  this  indicator  as  a  guide  to  therapy,  par- 
ticularly early  intervention  with  more  aggres 
sive  chemotherapy  before  histologic  evidence 
of  blast  crisis  occurred.  The  present  studies 
indicate  that  such  an  approach  is  neithei 
feasible  nor  warranted.  Patients  with  clear- 
cut  blast  crisis  retain  large  numbers  of  colon) 
forming  cells  in  their  peripheral  blood  and 
bone  marrow.  In  our  hands  this  appears  tc 
occur  in  about  half  the  patients.  It  is  possible 
that  with  serial  points  on  a  single  patient  one 
might  be  able  to  postulate  the  eventual  out- 
come of  the  disease  but  this  is  probably  noi 
more  beneficial  than  simple  histologic  view- 
ing of  changes  in  the  morphology  of  the 
peripheral  blood  and  bone  marrow  cells. 

The  present  findings,  when  taken  in  the 
light  of  other  recent  studies  in  CGL  suggest 
a  considerable  biologic  and  pathophysiologic 
spectrum  in  this  seemingly  uniform  disordei 
of  human  beings. 

Summary,  The  number  of  granulocyte  col 
ony  forming  cells  (CFU-C)  has  been  deter 
mined  in  the  peripheral  blood  and  bone  mar 
row  of  patients  with  chronic  granulocytic  leu 
kemia  (CGL)  during  the  stable,  accelerate( 
and  blastic  phases  of  the  disease.  These  stud 
ies  have  corroborated  previous  work  indicat 
ing  that  blood  CFU-C  numbers  are  higt 
during  the  stable  phase  of  CGL.  In  the  ac 
celerated  and  blast  phases  of  CGL,  CFU-C 
numbers  in  the  peripheral  blood  and  bon< 
marrow  may  be  decreased,  normal  or  in 
creased,  but  are  not  consistently  low.  Change 
in  CFU-C  numbers  could  not  be  correlatec 
with  clinical  patterns  of  CGL,  or  eventua 
outcome  of  the  disease. 
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A  number  of  investigations  carried  out  in 
vitro  on  isolated  granulocytes  have  allowed 
an  increase  in  knowledge  on  the  molecular 
mechanisms  of  host  defense  against  invading 
microorganisms  (1,  2).  In  addition,  these  in- 
vestigations have  contributed  to  a  better  un- 
derstanding of  cell  events  of  broader  biolog- 
ical interest,  such  as  those  concerning  signal 
transduction  from  the  cell  environment  to  the 
cytosol,  activation  of  metabolic  pathways, 
modulation  of  cell  functions  by  cytoskeletal 
components,  secretion  of  granule  associated 
enzymes  (3,  4). 

For  some  of  these  studies,  in  particular 
those  involving  separation  of  either  subcel- 
lular fractions  or  enzymes,  fairly  large 
amounts  of  cells  are  required.  For  this  pur- 
pose, granulocytes  isolated  from  exudates  of 
laboratory  animals  are  generally  used.  So  far 
most  of  the  biochemical  studies  on  blood 
derived  granulocytes  have  been  performed 
on  cells  of  human  blood,  either  donated  by 
volunteers  or  supplied  by  blood  banks.  This 
sometimes  might  cause  limitations  because  of 
the  amount  of  cells  available.  We,  therefore, 
thought  it  might  be  useful  to  secure  another 
source  of  blood  granulocytes  with  a  precise 
biochemical  characterization.  In  this  paper 
we  describe  the  ultrastructure,  enzyme  con- 
tent and  features  of  the  oxidative  metabolism 
of  granulocytes  isolated  from  bovine  blood, 
which  can  be  obtained  in  unlimited  amounts 
from  slaughterhouses,  and  compare  the  bio- 
chemical properties  of  these  cells  with  those 
of  granulocytes  of  human  blood. 

Materials  and  methods.  Granulocytes  were 
isolated  from  bovine  blood,  essentially  as  de- 
scribed by  Carlson  and  Kaneko  (5),  washed 
once  and  suspended  in  Ca^"*"-free  Krebs- 
Ringer  phosphate  (KRP),  pH  7.4.  The  white 
cell  fraction  of  human  blood  anticoagulated 
in  ACD  was  isolated  by  a  conventional  tech- 
nique, after  dextran  sedimentation  of  the 
erythrocytes.  Differential  counts  were  per- 
formed on  May-Griinwald-Giemsa  stained 
smears. 


Protein  was  determined  by  the  method  of 
Lowry  et  al.  (6),  using  bovine  serum  albumin 
(BSA)  as  standard.  Myeloperoxidase  was 
measured  biochemically  as  described  by  Ro- 
meo et  al.  (7)  and  histochemically  according 
to  Graham  and  Kamovsky  (8).  ^-Glucuron- 
idase was  determined  fluorimetrically  (9)  in 
0.5  ml  of  0.05  A/  Na-acetate  buffer,  pH 
3.8,  containing  0.05%  BSA  with  0.32  mM  4- 
methylumbelliferyl-^-D-glucuronide  (Sigma, 
USA)  as  substrate;  the  reaction  was  stopped 
with  1.5  ml  of  0.2  A/  Na-glycinc  buffer,  pH 
10.45.  ^-Galactosidase  was  assayed  by  the 
same  procedure  except  for  the  pH  of  the 
buffer,  which  was  4.5,  the  substrate  being 
0.54  mM  4-methylumbelliferyl-)9-D-galacto- 
side  (Sigma,  USA).  Acid  phosphatase  was 
measured  in  0.5  ml  of  0.1  M  Na-acetate 
buffer,  pH  4.5,  with  4.5  mM  /?-nitrophenyl 
phosphate  (Sigma,  USA)  as  substrate  (10); 
the  reaction  was  stopped  with  O.S  ml  of  1  AT 
NaOH.  The  rate  of  splitting  of  4.5  mM  p- 
nitrophenyl  phosphate  by  alkaline  phospha- 
tase was  directly  recorded  at  410  nm  in  I  ml 
of  0.1  M  dicthanolamine-HCl  buffer,  pH  9.7, 
with  I  mM  MgCk.  Lysozyme  was  determined 
nephelometrically  by  the  rate  of  lysis  of  cell 
walls  of  Micrococcus  lysodeikHcus  in  Na- 
phosphate,  pH  6.6  (ionic  strenght  >-  0.5); 
crystalline  hen  egg-white  lysozyme  (S.P.A., 
Italy)  was  used  as  standard.  The  oxidation 
of  NADH  by  oxalacetate  was  followed  to 
measure  the  activity  of  malate  dehydrogenase 
(11).  Catalase  was  assayed  by  the  rate  of 
decrease  of  absorbance  of  H2O2  at  230  nm 
(€230  =  0.067  cm"*  mM"*)  (12).  The  activity 
of  glutathione  peroxidase  and  glutathione  re- 
ductase was  determined  at  37^  in  a  final 
volume  of  1  ml  of  20  mM  KH2PO4-Na2HP04 
buffer,  pH  7.0,  essentiaUy  as  described  by 
Reed  (13).  For  assay  of  glutathione  peroxi- 
dase, cuvettes  contained,  in  addition  to  the 
above,  5  mM  ethylenediaminotetraacetate 
(pH  7.0),  1  mM  sodium  azide,  0.01%  BSA,  1 
mM  GSH,  0.1  mM  NADPH,  30  mU  of  yeast 
glutathione  reductase  (Boehringer,  Germany) 
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.1  mM  H2O2.  For  assays  of  glutathione 
tase,  cuvettes  contaiiu^  0.01%  BSA,  I 
3SSG  and  0.1  mM  NADPH. 
t  detennination  of  the  activity  of  cata- 
^utathione  peroxidase  and  glutathione 
tase  was  carried  out  with  postgranular 
[latants,  obtained  by  centrifugation 
)Ogy  10  min)  of  cells  disrupted  by  ho- 
nization  in  0.34  A/  sucrose  (7).  All  the 
assays  were  performed  with  cells  dis- 
i  by  sonication  (Branson  Sonifier,  3.S 
10  sec).  The  reaction  media  of  iS-glu- 
idase,  ^-galactosidase,  acid  and  alkaline 
ihatase,  and  malate  dehydrogenase  also 
ined  0.05%  Triton  X-100.  All  the  en- 
assays  were  shown  to  be  linear  with 
;:t  to  time  of  incubation  and  amount  of 
xtracts  or  sonicates  added  to  the  me- 
.  The  rates  of  reactions  were  corrected 
menzymatic  rate  before  the  calculation 
«ific  activity  of  enzymes, 
amin  Bi2-binding  capacity  of  cell  soni- 
was  measured  by  the  method  described 
me  et  al.  (14).  The  incubation  mixture 
)  contained  0.55  ng  of  *'Co-Bi2  (0.18 
ig.  Radiochemical  Centre,  England)  and 
I  cold  vitamin  B12;  excess  free  vitamin 
^as  removed  with  0.5  ml  of  albumin- 
1  charcoal  and  1  ml  of  the  centrifuged 
[es  was  counted. 

imation  of  lactoferrin  content  of  bovine 
locytes  was  carried  out  by  Ouchterlony 
e  inrniunodifTusion  in  agarose,  and 
ig  of  the  immune  precipitates  was  per- 
d  with  amido  black  according  to  Wieme 
Zells  were  extracted  either  in  KRP  (pH 
ontaining  0.3%  cetyl  trimethyl  ammo- 
bromide  (16)  or  in  1  A/  NaCl  overnight 
[17)  (an  identical  recovery  of  lactoferrin 
btained  with  the  two  extraction  proce- 
|.  The  extracts  were  reacted  with  anti- 
I  to  bovine  milk  lactoferrin  (a  gift  of 
P.  Masson),  and  purified  bovine  lacto- 
(a  gift  of  Prof.  B.  Senft)  was  used  as 
ird  antigen.  Twelve  dilutions  of  the 
ird  antigen  (from  1  to  100  /xg/ml)  and 
st  six  dSutions  of  granulo<^e  extracts 
1  to  10  X  10^  cells/ml)  were  tested 
St  the  antiserum. 

igocytic  stimulation  of  granulocyte  me- 
sm  was  accomplished  by  exposing  the 
It  37^  to  autoclaved  Bacillus  mycoides, 
lized  with  fresh  bovine  serum.  Oxygen 


consumption,  superoxide  anion  recovery,  hy- 
drogen peroxide  accumulation  and  ^^C-glu- 
cose  oxidation  were  measured  as  described 
by  Drier  a/.  (18). 

Escherichia  coli  J53  (K  12)  and  Staphylo- 
coccus aureus  (strain  Oxford)  were  grown 
overnight  in  nutrient  broth  and  BHI  respec- 
tively, washed  once  and  suspended  in  KRP, 
pH  6.0  or  pH  7.4,  with  0.5  mM  CaCb.  Bac- 
tericidal activity  was  determined  by  adding 
1  X  10^  bacteria  to  2  x  10^  granulocytes 
disrupted  by  sonication,  frozen  at  -70^  and 
then  thawed,  in  a  final  volume  of  0.3  ml  of 
KRP,  pH  6.0  or  pH  7.4,  with  0.5  mM  CaCk. 
After  30  min  incubation  at  37^,  aliquots  were 
diluted  and  plated  to  obtain  viable  cell 
counts.  Controls  were  run  in  the  absence  of 
either  bacteria  or  granulocyte  sonicates. 

For  electron  microscopic  observations  cells 
were  fixed  at  4**  for  60  min  in  2%  glutaral- 
dehyde  (0.1  M  cacodylate  buffer,  pH  7.4), 
postfixed  in  1%  osmium  tetroxide,  dehy- 
drated in  ethanol,  carried  through  propylene 
oxide,  embedded  in  DER  332,  and  counter- 
stained  with  uranyl  acetate  and  lead  citrate. 

Results,  We  carried  out  thirty  cell  prepa- 
rations with  an  average  yield  (±  SEM)  of 
1.25  (±  0.03)  X  l(f  white  cells  per  ml  of 
bovine  blood.  Of  these  cells  %.7  (±  0.1)% 
were  granulocytes,  the  ratio  between  neutro- 
phils and  eosinophils  varying  from  200:1  to 
5: 1 .  By  processing  two  or  more  blood  samples 
at  the  same  time,  cell  preparations  with  the 
highest  content  of  eosinophils  could  be  dis- 
carded. By  following  this  procedure  we  were 
able  to  perform  the  biochemical  assays  on 
cell  suspensions  containing  an  average  of  92% 
neutrophils  (see  Table  I). 

The  electron  microscope  observation  of  bo- 
vine blood  granulocytes  (Fig.  1)  shows  that 
neutrophils  are  relatively  small  (diameter 
about  7  /xm),  rounded  or  slightly  elongated 
cells  with  occasional  short  cytoplasmic  pro- 
jections. Several  spherical,  elongated,  rod  and 
dumb-bell  shaped  granules,  are  noticed  in  the 
dense  cytoplasm.  They  are  all  highly  and 
homogeneously  electron-dense.  In  many  cell 
sections  a  roughly  circular,  granule-free  area 
is  observed  in  the  cytoplasm,  close  to  the 
nuclear  lobes,  but  sometimes  in  an  eccentric 
position.  This  is  the  centrosphere  region,  cir- 
cumscribed by  stacks  of  four  to  nine  smooth- 
surfaced,  curved  Golgi  cistemae,  oriented 
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TABLE  1.  Enzyme  Activities  and  Content  of  Binding  Proteins  of  Granulocytes  of  Bovine  and 

Human  Blood." 


L  ^^-Glucuronidase 

2.  )9-Galactosidase 

3.  Myeloperoxidase 

4.  Acid  phosphatase 

5.  Alkaline  phosphatase 

6.  Lysozyme 

7.  Lactoferrin 

8.  Vitamine  Bi2-binding  capacity 

9.  Malate  dehydrogenase 

10.  Catalase 

11.  Glutathione  peroxidase 

12.  Glutathione  reductase 

13.  Protein 


Bovine  granulocytes 
12.8  ±0.3  (8) 
11.8  ±0.6  (9) 
1.6  ±0.1  (8) 
36.7  ±  6.3  (5) 
230  ±9  (8) 

<  0.2  (3) 
74  ±  7  (7) 
26.7  ±  2.8  (3) 
0.49  ±  0.04  (6) 
7.1  ±0.5  (3) 
14.1  ±0.6  (4) 
25.0  ±  0.8  (4) 
1.21  ±0.03  (14) 


Human  granulocytes 

202.1  ±  18.0(3) 
62.4  ±  7.4  (3) 

4.7  ±0.1  (3) 

23.9  ±  7.0  (3) 
31.8  ±3.6  (3) 
30-64  (Refs.  16,  33) 
4-9  (Refs.  34-36) 

108.2  ±  11.1(4) 
5.2  ±  0.4  (4) 

13.2  ±  1.1(4) 


'  Sixteen  preparations  of  bovine  blood  granulocytes  and  four  preparations  of  human  blood  granulocytes  were 
used  for  the  assays,  which  were  run  as  described  in  the  section  on  Materials  and  Methods.  The  bovine  cell 
preparations  had  the  following  average  %  composition  (±SEM):  neutrophils  92.1  ±  0.4;  eosinophils  5.3  ±  0.3: 
monocytes  2.6  ±0.1.  Data  are  expressed  as  means  ±SEM/10^  cells;  the  number  of  experiments  is  shown  in 
brackets  1  and  2:  nmoles  methylumbelliferone/30  min;  3:  /unoles  /-guaiacol/min;  4  and  5:  nmoles  ^nitro  phenol/ 
min;  6  and  7:  /xg;  8:  ng  vit  B12;  9:  /unoles  NADH/min;  10:  /unoles  H202/min;  1 1  and  12:  nmoles  NADPH/min;  13: 
mg. 


Fig.  1.  Ultrastructure  of  a  bovine  blood  neutrophil  (a)  and  of  a  bovine  blood  eosinophil  (b)  (X  12,600). 


around  one  or  two  centrioles.  The  cytoplasm 
also  contains  particulate  glycogen  and  a  few 
vesicular  profiles  of  rough-surfaced  endo- 
plasmic reticulum  but  lacks  appreciable 
quantities  of  most  other  organelles  (e.g.  mi- 
tochondria, ribosomes,  microtubules). 

Figure  1  also  shows  that  bovine  blood  eo- 
sinophils have  much  larger  granules  than  the 


neutrophils,  as  reported  also  by  others  (19). 
These  granules  lack  the  crystalloid  structure 
characteristic  for  eosinophil  granules  in  other 
species  (20).  In  this  regard,  bovine  eosinophils 
resemble  eosinophils  of  horse  (21),  of  mink 
(22)  and  of  some  domestic  birds  (23). 

In  Table  I  bovine  granulocytes  are  com- 
pared with  human  leucocytes  on  the  basis  of 
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s  and/or  content  of  a  number  of  en- 
md  binding  proteins,  selected  on  the 
'  either  their  potential  use  as  markers 
sUular  fractions  or  their  involvement 
xidative  metabolism, 
ictivities  of  )8-glucuronidase,  ^-galac- 
;  and  myeloperoxidase,  which  in  other 
are  associated  to  azurophilic  granules 
25),  are  much  lower  in  the  bovine 
the  human  granulocytes.  A  histo- 
d  survey  on  bovine  granulocytes  in- 
that  myeloperoxidase  is  particularly 
rated  in  eosinophils  (data  not  shown), 
jesting  that  the  value  of  myeloperox- 
;:tivity  in  the  preparations  of  bovine 
hils  might  in  part  depend  on  the  con- 
ion  by  eosinophils, 
concentration  of  lactoferrin  and  vi- 
12-binding  protein,  markers  of  specific 
s  in  other  species  (17,  25,  26),  appears 
gher  in  the  bovine  than  in  the  human 
cytes.  As  reported  also  by  others  (27), 
le  activity  is  undetectable  in  bovine 
cytes. 

respect  to  the  human  leucocytes,  the 
granulocytes  have  a  very  low  activity 
ase,  the  enzyme  which  provides  an 
I  system  for  H2O2  detoxification  dur- 
gocytosis  (12).  This  deficiency,  how- 
ooimterbalanced  by  a  higher  specific 
of  the  two  enzymes  of  the  glutathione 
i%  glutathione  peroxidase  and  gluta- 
cductase. 

sxposure  of  granulocytes  to  bacteria 
marked  stimulation  of  oxygen  con- 
Oy  02~  and  H2O2  generation,  and  glu- 
idation  through  the  hexose  mono- 
ite  pathway  (HMP)  (3, 13, 18, 28-30). 
illation  of  the  metabolic  changes  oc- 


curring in  phagocytizing  bovine  leucocytes, 
and  of  the  modulation  exerted  on  them  by 
the  heme-enzyme  inhibitor  NaNa  and  by  the 
02~  oxidizing  agent  ferricytochrome  r,  is  re- 
ported in  Table  II.  The  significance  of  these 
data  will  be  discussed  below. 

Finally,  the  oxygen-independent  bacteri- 
cidal activity  of  bovine  granulocytes,  as  com- 
pared with  the  activity  of  human  leucocytes, 
is  shown  in  Table  III.  With  E.  coli  the  cidal 
efiiciency  of  the  two  types  of  phagocytes  is 
very  sin^r,  the  activity  of  the  lysates  of 
bovine  granulocytes  being  somewhat  lower 
than  that  of  human  cell  lysates  at  pH  7.4.  On 
the  contrary,  at  both  pH's  killing  of  5.  aureus 
is  carried  out  only  by  the  bovine  cell  lysates. 

Discussion,  In  this  paper  we  have  reported 
several  biochemical  features  of  preparations 
of  bovine  granulocytes  containing  an  average 
of  92%  neutrophils  and  less  than  3%  mono- 
cytes. Some  enzyme  properties  of  granules  of 
bovine  granulocytes  have  been  already  de- 
scribed by  Hegner  (19)  and  by  Rausch  and 
Moore  (27).  At  least  in  the  former  case,  how- 
ever, cell  preparations  were  heavily  contam- 
inated by  mononuclear  cells  and  had  a  high 
eosinophil/neutrophil  ratio. 

When  compared  to  human  granulocytes, 
the  bovine  ceUs  appear  to  exhibit  low  activi- 
ties of  enzymes,  which  in  other  species  are 
associated  to  azurophil  granules  (10,  24,  25), 
and  to  have  a  higher  content  of  binding  pro- 
teins, which  belong  to  specific  granules  (17, 
25,  26).  Whether  this  is  due  to  a  different  cell 
content  of  these  two  types  of  granules  is 
difficult  to  assess  on  a  morphological  basis, 
since  in  bovine  granulocytes  azurophil  and 
specific  granules  cannot  be  distinguished  on 
the  basis  of  electron  density  (31). 


II.  Stimulation  of  the  Oxidative  Metabolism  of  Bovine  Granulocytes  by  Phagocytosis." 


Resting 

granul^ 

cytes 


Granulocytes  4-  B.  mycoides 


1/2  min 

r/2inin 

iOx/2min 

a/MCiI-["CIGk/lOmin 

ri/MCi  6H["ClGlc/10  min 

8.9  ±  1.4 

6.665 
110 

77.9  ±  6.7 

8.6  ±  1.3 
100,525 
190 

-l-NaNa 
87.6  ±  8.3 
27.1  ±3.3 

-•■cytc 

70.1  ±5.6 
26.1  ±6.1 

-•■cytc 
-l-SOD 

77.9  ±  8.2 

of  O2  consumption,  02~  recovery  and  H2O2  accumulation  are  means  of  4  experiments  ±SEM  (stimulated 
IS  are  increments  with  respect  to  resting  controls);  a  detailed  description  of  the  experimental  conditions 
for  these  measurements  is  given  in  Ref.  18.  Rates  of  glucose  oxidation  are  results  of  a  representative 
It  SOD:  superoxide  dismutase. 
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TABLE  III.  Comparative  Bactericidal  Activity 

OF  Lysates  of  Bovine  and  Human  Blood 

Granulocytes." 


£.  coli 


S.  aureus 


pH6.0    pH7.4      pH6.0    pH  7.4 


Bovine     granulo-     66%        59%  13%        65% 

cyte  lysates 

Human    granulo-     63%        85%  0  0 

cyte  lysates 

'  1  X  10^  bacteria  were  incubated  at  37°  for  30  min 
with  lysates  of  2  X  10^  granulocytes  in  0.3  ml  of  KRP, 
pH  6.0  or  7.4,  containing  0.5  mA/  CaCU.  Data  are 
average  percentages  of  killing,  calculated  with  respect  to 
viable  bacteria  found  at  the  end  of  incubations  run  in 
the  absence  of  granulocyte  lysates  (two  to  three  experi- 
ments). 

The  granules  of  bovine  granulocytes  ap- 
pear to  be  endowed  with  bactericidal  sub- 
stances capable  of  killing  5.  aureus  under 
conditions  in  which  this  microorganism  is  not 
killed  by  human  leucocytes.  The  cidal  activity 
of  the  bovine  cell  lysates  on  the  gram-positive 
bacterium  is  more  marked  at  pH  7.4  than  at 
pH  6.0,  thus  suggesting  that  granule  compo- 
nents with  optimal  activity  near  or  above 
neutrality  (32)  are  mainly  responsible  for  the 
toxic  effects  on  the  staphylococci. 

The  exposure  of  bovine  granulocytes  to 
bacteria  causes  a  stimulation  of  their  oxida- 
tive metabolism,  which  is  similar  to  that 
known  to  occur  in  human  and  guinea  pig 
granulocytes  (3,  13,  18,  28-30).  The  main 
product  of  the  enhanced  oxygen  reduction  in 
phagocytizing  cells  is  likely  to  be  O2',  which 
rapidly  generates  H2O2  by  dismutation  (18). 
The  decrease  of  oxygen  consumption  by 
phagocytizing  granulocytes  observed  in  the 
presence  of  fbrricytochrome  c  is  due  to  the 
oxidation  of  the  extracellularly  released  O2" 
to  O2.  From  the  extent  of  the  superoxide 
dismutase-inhibitable  reduction  of  ferricyto- 
chrome  c  and  on  account  of  the  stoichiome- 
tries  of  the  02~  dismutation  and  of  the  cata- 
latic  degration  of  H2O2  (18),  the  amount  of 
02~  released  by  phagocytizing  bovine  gran- 
ulocytes under  our  experimental  conditions 
can  be  calculated  to  be  about  15%.  This  re- 
covery is  comparable  to  that  obtained  with 
human  granulocytes  under  the  same  condi- 
tions (unpublished  experiments). 

The  main  mechanisms  of  H2O2  disposal  in 
phagocytizing  granulocytes  involve  catalase, 
myeloperoxidase  and  glutathione  peroxidase 


(12,  13,  18,  28).  By  inhibiting  the  catalas^ 
dependent  back-conversion  of  H2O2  to  0% 
NaNs  enhances  the  overall  O2  consumpdon 
(18).  In  bovine  granulocytes  this  enhaIlo^ 
ment  is  about  fourfold  lower  than  in  human 
leucocytes  (unpublished  experiments)  due  to 
the  deficient  activity  of  catalase.  The  inhibi- 
tion of  catalase  and  myeloperoxidase  by 
NaNa  also  causes  an  increased  accumulation 
of  H2O2,  which  in  guinea  pig  granulocytes 
approaches  100%  of  the  value  expected  ffom 
oxygen  reduction  (18).  On  the  contrary,  in 
phagocytizing  bovine  granulocytes,  the  aver- 
age value  of  H2O2  measured  in  the  presence 
of  NaNa  is  only  a  small  percentage  of  the 
amount  calculated  from  the  values  of  oxygen 
consumption.  This  suggests  that  in  these 
phagocytes  H2O2  is  largely  utilized  by  the 
NaNa-insensitive  glutathione  cycle  (13).  This 
conclusion  is  consistent  with  (i)  the  low  activ- 
ity of  catalase;  (ii)  the  relatively  high  activity 
of  glutathione  peroxidase  and  glutathione  re- 
ductase; and  (iii)  the  remarkable  activation 
of  the  HMP  by  phagocytosis,  which  is  higher 
than  that  reported  for  granulocytes  of  man 
and  guinea  pig  (28).  The  stimulation  of  the 
glutathione  cyde  leads,  in  fact,  to  increased 
generation  of  NADF**  with  activation  of 
HMP  (13). 

In  conclusion,  bovine  blood  granulocytes, 
apart  from  the  absence  of  lysozyme  and  from 
the  different  metabolic  fate  of  H2O2,  have 
biochemical  properties  very  similar  to  those 
of  human  granulocytes.  Since  they  can  be 
obtained  in  unlimited  amounts  from  slaugh- 
tered animals,  bovine  granulocytes  can  sub- 
stitute for  human  cells  in  laboratory  investi- 
gations, in  particular  when  the  isolation  of 
large  quantities  of  subcellular  particles,  en- 
zymes and  bactericidal  factors  is  required. 

Summary,  Granulocyte  fractions,  contain- 
ing an  average  of  about  92%  neutrophil 
were  isolated  from  bovine  blood.  The  elec- 
tron microscope  observation  of  these  frac- 
tions showed  that  neutrophil  granules  have 
different  shapes,  but  are  all  highly  and  ho- 
mogeneously electron-dense.  With  respect  to 
the  granulocytes  of  human  blood,  bovine  cells 
appear  to  have  a  lower  content  of  azurophil 
enzymes  and  virtually  lack  lysozyme.  Lysates 
of  bovine  granulocytes  efficiently  kill  both  £ 
coli  (at  pH  6.0  and  7.4)  and  S,  aureus  (mainly 
at  pH  7.4).  When  exposed  to  opsonized  B 
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mycoides,  intact  bovine  granulocytes  exhibit 
I  marked  enhancement  in  oxygen  consump- 
tion, generation  of  02"  and  H2O2,  and  glucose 
oxidation  through  the  hexose  monophos- 
phate pathway.  About  15%  of  the  total  oxy- 
gen reduced  is  recovered  extracellularly  as 
02~.  Hydrogen  peroxide  generated  by  phag- 
ocytizing  cells  is  only  partially  utilized  in 
reactions  catalyzed  by  catalase  and  myelo- 
peroxidase, and  appears  to  mainly  enter  the 
glutathione  cycle. 
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One  of  the  first  observations  of  the  effects 
of  whole-body  irradiation  on  the  immune 
system  was  the  resultant  impaired  resistance 
to  infections  evidenced  by  death  of  the  animal 
or  by  quantitative  measurements  of  the  im- 
mune response  to  a  specific  antigen.  Benja- 
min and  Sluka  (i)  observed  that  exposure  to 
x-rays  resulted  in  the  loss  of  antibody  for- 
mation. Since  that  time,  an  overwhelming 
body  of  literature  on  the  effects  of  irradiation 
on  infections  has  been  documented,  including 
a  large  number  of  reviews  (2-4).  There  is 
little  doubt  that  the  major  cause  of  increased 
susceptibility  to  infection  in  irradiated  ani- 
mals exhibiting  the  *'acute  radiation  syn- 
drome'* can  be  attributed  to  the  loss  of  func- 
tion of  the  immune  system  (S). 

The  protective  effect  of  endotoxin  against 
lethal  irradiation  was  described  first  by  Mef- 
ferd  et  al.  (6)  and  studied  in  detail  by  others, 
with  particular  emphasis  on  the  effect  of 
endotoxin  on  hemopoiesis  (7,  8).  The  adju- 
vant property  of  endotoxin  was  described  first 
by  Johnson  et  al  (9).  Kind  and  Johnson  (10) 
applied  endotoxin  simultaneously  or  one  or 
two  days  following  antigenic  stimulation  and 
observed  good  adjuvant  effect  to  bovine  y 
globulin  in  rabbits.  No  adjuvant  effect  was 
obtained  if  the  endotoxin  was  given  before 
the  antigen.  Similar  results  were  obtained  by 
Franzl  and  McMaster  (11),  injecting  mice 
with  sheep  erythrocytes  following  relatively 
high  doses  of  endotoxin.  Kind  and  Johnson 
(10)  also  attempted  to  prevent  radiation- 
caused  immunosuppression.  If  the  antigen 
was  given  together  with  endotoxin,  the  im- 
mune response  was  about  50%  of  that  elicited 
by  antigen  alone  in  normal  animals. 

Our  earlier  studies  in  this  field  were  based 
on  the  assumption  that  the  stimulatory  effects 
of  endotoxin  on  hemopoiesis  and  immune 
functions  play  a  vital  role  in  the  protective 
effects  of  endotoxin  in  lethally  irradiated  an- 
imals. We  found  that  the  radioprotective  ef- 
fect was  strongly  time-dependent.  The  pro- 
tection showed  a  biphasic  profile  when  single 


low  doses  of  endotoxic  lipopolysaccharide 
(LPS)  or  of  a  polysaccharide-containing  (PS), 
nontoxic  fraction  of  LPS  were  administered 
prior  to  irradiation.  Very  recently  we  reported 
alternating  immunosuppressive  or  immuno- 
potentiating  effects  of  LPS  and  PS,  depend- 
ing upon  the  time  of  their  application  relative 
to  the  time  of  immunization  (12,  13).  The 
aims  in  our  present  study  were  to  use  optimal 
treatment  times  for  the  adjuvant  effect  of 
endotoxin  and  thereby  to  attempt  to  prevent 
or  repair  the  irradiation-caused  immuno- 
suppression by  such  endotoxin  treatment. 

Materials  and  methods.  Experimental  am- 
mals.  All  mice  used  were  10-14  week-old 
females  weighing  between'18-2S  g.  ICR  mice 
were  obtained  fh>m  the  Institute  for  Cancer 
Research,  Fox  Chase,  Philadelphia,  Pennsyl- 
vania. 

Endotoxic  lipopolysaccharide  (LPS) .  Lipid- 
extracted  Serratia  marcescens  08.(X)  cells  were 
homogenized  with  S%  trichloroacetic  add 
(TCA).  The  extracted  crude  antigen  was  p^^ 
cipitated  in  cold  methanol  and  purified  by 
ultracentrifugation.  The  sediment  was  redis- 
solved  in  deionized  water,  dialyzed  and  fy- 
ophilized. 

Antigens,  Sheep  red  blood  cells  (SRBC) 
were  obtained  commercially  in  a  25%  by 
volume  Alsever*s  solution  from  Rockland 
Farms,  Gilbertsville,  PA.  The  cells  were 
washed  and  centrifuged  three  times  with  ster- 
ile saline,  counted  and  adjusted  to  the  proper 
cell  concentration. 

Radiation,  The  radiation  source  was  a 
General  Electric  Maxitron  3(X)  x-ray  machine 
operated  at  300  Kvp,  20  ma,  with  added 
filtration  of  0.26  mm  Cu  and  1.04  mm  Al, 
yielding  a  half- value  layer  of  1 .  10  nun  Cu.  At 
a  source-to-target  distance  of  60  cm,  the  air 
exposure  dose  rate  was  between  230  and  240 
r/min,  as  measured  by  a  Victoreen  air  ioni- 
zation chamber  model  154  which  was  cor- 
rected for  temperature  and  pressure  varia- 
tions. 

Rosette-forming    cell    (RFC)    assay.  Our 
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1  involved  a  modified  technique  first 
>ed  by  Zaalberg  (14).  Mice  in  groups 
vcre  injected  ip  with  10  /xg  LPS  either 
meously  with  SRBC  or  at  designated 
tervals,  and  were  sacriflced  by  cervical 
tion  10  days  following  immunization. 
)leens  were  pooled  in  a  glass  tissue 
'  containing  2  ml  Hank's  balanced  sah 
ti  (HBSS)  adjusted  to  pH  7.2  with 
O3.  The  cell  suspensions  were  filtered 
li  gauze  and  adjusted  to  a  concentra- 
'  6  X  10^  ceUs/ml  HBSS.  To  0.8  ml 
0.1  ml  spleen  cell  suspension  and  0.1 
Jic  containing  3  x  10^  SRBC  were 
to  yield  a  final  volume  of  1  ml  con- 

a  1:5  ratio  of  spleen  cells  to  sheep 
>cytes.  This  suspension  was  vigorously 
i  and  immediately  placed  in  a  4^  cold 
for  3  hr.  Test  tubes  containing  the 
s  were  gently  rotated  at  the  end  of 
tion  until  the  sedimented  cells  were 
nly  resuspended  before  loading  the  he- 
»meter.  Only  spleen  cells  having  sur- 
ntact  with  a  minimum  of  five  red  cells 
ounted  as  rosettes.  Each  sample  was 
n  triplicate  and  analyzed  in  a  blind 
r. 

ue-forming  cell  (PFS)  assay.  A  modi- 
;hnique  of  the  hemolytic  plaque  assay 
scribed  by  Jeme  and  Nordin  (IS)  was 
mmunization  and  LPS  treatment  were 
al  to  that  used  for  the  RFC  assay. 

mice  in  groups  of  six  were  used, 
s  were  obtained  4  days  following  im- 
ition  and  pooled  spleen  cell  suspen- 
/ere  adjusted  to  three  concentrations 
lume:  1:10,  1:100,  1:500)  for  plating, 
accurate  determination  of  cell  concen- 
,  samples  of  these  cell  suspensions  were 

and  counted  by  means  of  a  hemocy- 
r.  Two  milliliter  aliquots  of  a  1%  Noble 
>lution  containing  (a)  0.1  ml  of  1% 

dcxtran,  (b)  0.1  ml  of  a  20%  SRBC 
»on,  and  (c)  0.1  ml  of  any  of  the 
.  spleen  cell  concentrates  were  evenly 

on  plates  containing  10  ml  1.4%  so- 

but  prewarmed  Noble  agar.  The 
vere  incubated  for  60  min  at  37°  before 
guinea  pig  complement  diluted  with 
sronal  buffer  was  added.  The  plates 
cubated  for  an  additional  30  min.  At 
le  the  complement  was  decanted  and 
les  were  ready  to  be  analyzed.  Plates 
I  of  the  three  concentrations  of  spleen 


cells  were  done  in  triplicate  and  analyzed  in 
a  blind  manner. 

Prevention  and  restoration  of  radiation- 
caused  immune  suppression.  The  time  inter- 
vals between  LPS  injection,  400  r  whole-body 
irradiation,  and  immunization  with  SRBC 
were  varied  in  these  experiments. 

In  the  RFC  immune  response  system,  the 
irradiation  preceded  immunization  by  4  days 
in  all  experiments.  The  time  of  10  /xg  ip  LPS 
treatment  preceding  immunization  was  var- 
ied from  —19  days  to  0  day.  At  day  0,  the 
LPS  and  SRBC  were  given  simultaneously 
ip,  but  by  two  separate  injections.  The  im- 
mune response  of  the  animals  was  measured 
always  10  days  after  immunization  with 
SRBC,  using  the  RFC  assay. 

In  the  PFC  assay,  radiation  preceded  im- 
munization by  either  2,  5  or  12  days.  The 
LPS  pretreatment  was  either  2  or  10  days 
before  irradiation.  The  selection  of  these  two 
time  intervals  was  a  consequence  of  earlier 
observations  made  in  our  laboratories  (16), 
according  to  which  the  optimal  time  intervals 
for  LPS-induced  radiation  protection  peaked 
at  these  two  time  points.  The  immune  re- 
sponse of  the  animals  was  determined  by  the 
Jeme  plaque  assay,  always  4  days  after  im- 
munization. 

Whether  endotoxic  LPS  treatment  given 
simultaneously  with  SRBC  immunization 
can  restore  damage  caused  by  radiation  was 
determined  by  giving  LPS  and  SRBC  3  days 
after  total  body  irradiation  with  400  r. 

Results.  Effect  of  LPS  on  the  rosette-form- 
ing cell  immune  response  to  SRBC  in  normal 
and  irradiated  animals.  Groups  of  normal 
ICR  mice  (six  in  each  group)  were  treated 
with  a  single  dose  of  10  /xg  LPS  ip  at  various 
time  intervals  prior  to  immunization  with  1 
X  \(f  SRBC.  The  span  of  treatment  extended 
from  —19  to  0  days.  The  animals  exhibited 
an  enhanced  RFC  response  which  was  bi- 
phasically  time-dependent  (Fig.  1)  and 
closely  paralleled  the  time-dependent  sur- 
vival of  LPS-pretreated,  lethally  irradiated 
mice  in  our  previous  investigation  (16).  At 
shorter  time  intervals  between  LPS  treatment 
and  immunization,  moderate  adjuvancy 
could  be  seen.  If  LPS  was  given  on  days  —7 
or  —8,  suppression  became  evident.  When 
LPS  treatment  preceded  immunization  by  13 
days,  a  period  of  pronounced  adjuvancy  was 
observed. 
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In  order  to  study  the  effect  of  LPS  on  the 
RFC  response  in  irradiated  mice,  a  rather 
high  yet  sublethal  exposure  dose  of  radiation 
(400  r)  was  selected.  Mice  in  groups  of  six 
were  irradiated  S  days  before  immunization 
and  treated  with  LPS  ( 10  ^g)  at  identical  time 
intervals  as  before  (Fig.  2).  Good  enhance- 
ment in  the  number  of  RFC*s  relative  to 
irradiated  controls  was  most  evident  when 
LPS  treatment  preceded  irradiation  by  8-11 
days  (13-16  days  before  immunization).  A 
biphasic  time-dependent  relationship  was  ap- 
parent again.  Comparison  of  the  RFC  re- 
sponse of  the  irradiated  control  group  with 
the  non-irradiated  controls  of  the  previous 
experiments  showed  nearly  80%  immuno- 
suppression. However,  during  the  period  of 


TIME  OF  LPS  TREATMENT  BEFORE  IMMUNIZATION  WITH  SRBC  Ktoytl 


Fig.  I.  The  RFC  response  of  ICR  female  mice  in- 
jected with  10  /ig  of  LPS  ( S.  marcescens)  at  selected  time 
intervals  before  immunization  with  1  x  10"  SRBC.  Con- 
trol value  for  RFC  response  to  SRBC  was  2.1  ±  .16  x 
10^  RFC  per  10^  spleen  cells.  Vertical  bars  represent  ±1 
SD. 


TIME  OF  LPS  TREATMENT  BEFORE  IMMUNIZATION  WITH  SRBC  <dar«) 

Fig.  2.  The  RFC  response  relative  to  control  of  ICR 
female  mice  injected  with  10  /ig  LPS  (S.  marcescens)  at 
selected  time  intervals  with  respect  to  irradiation  (400  r) 
and  immunization  with  1  x  10"  SRBC.  The  RFC  re- 
sponse to  SRBC  in  irradiated  controls  (without  LPS) 
was  6.1  ±  .37  X  10^  RFC  per  10^  spleen  cells.  Vertical 
bars  represent  ±  1  SD. 


maximum  LPS  enhancement  (8-i  i  days  be- 
fore irradiation),  the  RFC  response  for  the 
LPS-treated  irradiated  mice  reached  a  value 
of  nearly  90%  of  the  nonirradiated  controls. 
Pretreatment  of  animals  with  LPS  within  this 
time  period  almost  completely  prevented  the 
development  of  radiation-caused  immuno- 
suppression. 

Having  observed  the  above  described  pro- 
tective effect  of  LPS  when  such  treatments 
preceded  irradiation,  our  next  aim  was  to 
determine  if  LPS  treatment  could  induce  the 
restoration  of  the  RFC  immune  response  in 
previously  irradiated  animals.  Mice  in  groups 
of  six  were  simultaneously  immunized  and 
treated  with  LPS  3  days  after  receiving  400  r 
whole-body  irradiation  (Table  I).  Compari- 
son was  made  to  one  normal  and  one  irradi- 
ated control  group  in  order  to  assess  the 
degree  of  enhancement  of  the  RFC  response 
in  the  LPS-treated  irradiated  group  when 
compared  to  the  irradiated  control  mice.  This 
represents  an  immune  response  which  is 
equivalent  to  78%  of  the  nonirradiated  con- 
trol group. 

Effect  of  LPS  on  the  PFC  immune  response 
to  SRBC  in  irradiated  mice.  The  results  of 
the  experiments  in  which  the  effect  of  radia- 
tion on  the  PFC  response  was  prevented  by 
application  of  LPS  are  sunmianzed  in  Table 
II.  Except  for  the  animals  in  group  1,  all  mice 
showed  significant  enhancement  of  the  PFC 
response  as  compared  to  animals  irradiated 
and  immunized  but  not  LPS  treated.  The 
largest  enhancement  was  observed  for  group 
2,  in  which  the  LPS  treatment  preceded  ir- 
radiation by  2  days  and  immunization  by  7 
days.  If  LPS  treatment  preceded  irradiation 
by  2  days  and  immunization  by  4  days  (group 
1  in  Table  II),  the  radiation-caused  damage 
could  not  be  prevented. 

Discussion,  Before  beginning  our  discus- 
sion of  experimental  data  it  may  be  worth- 
while to  justify  the  use  of  pooled  spleen  cell- 
suspensions  within  our  experimental  design. 
The  use  of  pooled  spleen  cells  has  the  obvious 
disadvantage  of  obliterating  the  individual 
variations  of  animal  responses  within  a  given 
group.  In  preliminary  studies  we  had  deter- 
mined that  the  standard  deviation  of  the  im- 
mune response  within  most  groups  was  less 
than  10%  of  their  means.  In  view  of  this  high 
degree  of  consistency  we  felt  justified  in  pool- 
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TABLE  1.  Immune  Restoration  of  Irradiated  (400  r)  Mice  by  LPS  {Serratia  marcescens)  Treatment. 

Treatment' 

RFC's  per  10* 
Radiation     SRBC  (1  X         spleen  cells 
(400  r)              10')                  (X  \(fi) 

Relative  to  con- 
trol No.  1 

Relative  to  con- 
trol No.  2 

LPS(l0,ig) 

Control  No.  1  (no  LPS) 

Control  No.  2 

+                    +                   9.7  ±  1.4* 

+                    +                   3.0  ±  0.7 

none                 +                  12.4  ±  1.2 

3.2  ±  .88' 
4.13  ±  1.04 

0.78  ±  .20 
0.28  ±  .05 

"  Mice  were  simultaneously  immunized  and  LPS-treated  3  days  after  irradiation. 
*  Significant  at  the  0.01  level. 
'  Represents  ±  1  SD. 

TABLE  n.  Protective  Effect  of  LPS  on  the  Immune-Response  of  X-1rradiated  Mice  in  the  PFC 

Response. 


Group 

LPS-  (on  day) 

Radiation*  (on 
day) 

SRBC  (on 
day) 

PFCs/lO*  spleen  cells'' 

PFC  Response  Relative 
to  Control'' 

1 

0 
none 

2 
2 

2.56  ±0.19 
2.14  ±0.11 

1.19  ±0.11 

2 

0 
none 

2 

2 

23.11  ±0.62* 
4.1  ±0.88 

5.37  ±  1.11* 

3 

0 
none 

2 
2 

15.2  ±  1.05' 
6.5  ±  0.95 

2.38  ±  0.38' 

4 

0 
none 

10 
10 

7.67  ±  0.57' 
2.17  ±0.48 

3.43  ±  0.83* 

5 

0 
none 

10 
10 

8.65  ±  0.49* 
2.09  ±  0.53 

4.32  ±  1.12* 

6 

0 
none 

10 
10 

22 
22 

6.94  ±  0.78' 
2.93  ±  0.26 

2.36  ±  0.33* 

Nonirradiated  control 

97.4  ±7.81 

'  10  fig  LPS  ip  per  mouse. 

*  400  r  whole-body. 

'  1  X  10"  SRBC/mouse. 

*'±1SD. 

'  Significant  at  the  0.05  level 

ing  the  spleen  cells  of  animals  within  a  given 
group.  The  enormous  time  saving  step  of 
pooled  cell  suspensions  provided  us  with  the 
benefit  of  an  experimental  design  in  which 
all  animals  were  irradiated  on  the  same  day 
and  subsequently  sacrificed  and  assayed  on 
the  same  day. 

Of  the  many  mechanisms  whereby  endo- 
toxin is  supposed  to  affect  the  inmiune  sys- 
tem, none  offers  a  satisfactory  explanation 
for  the  biphasic  survival  of  lethally  irradiated 
animals  which  we  observed  in  our  previous 
study  (16),  nor  the  biphasic  RFC  response 
(in  normal  and  irradiated  animals),  reported 
here.  In  the  latter  assay  the  remarkable  ad- 
juvant effect  of  LPS  given  8-1 1  days  before 
the  inmiunogen  cannot  be  explained  on  the 
basis  of  any  current  theories  on  the  mode  of 
adjuvant  action. 


It  is  generally  accepted  that  cell  prolifera- 
tion must  be  an  essential  feature  of  the  early 
inmiune  response  (17),  in  which  an  early 
radiosensitive  phase  rapidly  moves  into  a  ra- 
dioresistant phase  (18).  Endotoxin,  by  virtue 
of  its  antigenic  and  mitogenic  property,  may 
therefore  stimulate  the  antibody-producing 
precursor  cell  (B-cell)  to  differentiate  into  the 
less  radiosensitive  plasma  cell  (19).  It  seems 
likely  that  LPS  affects  stem  cells,  and  induces 
blastogenesis  and  differentiation,  which  es- 
tablish a  synchronous  cell  population  im- 
dergoing  a  series  of  mitotic  divisions  charac- 
terized by  cytological,  functional  and  associ- 
ated radio-resistant  changes.  That  cell  syn- 
chronization by  endotoxin  may  play  a  key 
role  in  the  biphasic  protection  pattern  against 
lethal  doses  of  radiation  is  substantiated  by 
the  observation  that  daily  repeated  LPS  treat- 
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ments  provide  no  radiation  protection 
(20-22). 

One  cannot  exclude  the  possibility  that  two 
different  cell  types  are  affected  by  LPS  in 
both  the  radiation  protection  and  in  the  ad- 
juvant effects.  One  type  responds  to  LPS- 
induced  stimulation  relatively  quickly  and 
reaches  its  optimal  readiness  for  irradiation 
protection  or  immunization  within  a  few 
days.  The  achievement  of  the  same  stage  of 
activation  takes  8-1 1  days  for  the  second  cell 
type. 

At  this  time  only  the  above  and  some 
additional  theoretical  possibilities  can  be  of- 
fered to  explain  the  multiphasic  nature  of  the 
LPS-induced  enhanced  resistance  to  radia- 
tion and  enhanced  immune  response.  The 
great  similarities  in  the  two  time  curves  indi- 
cate to  us  eventual  interrelationships  between 
the  two  phenomena,  or  at  least  similarities  in 
the  chain  of  events  involved  in  both.  Further 
experiments  on  the  possible  mode  of  action 
are  in  progress  in  our  laboratories. 

Another  point  for  discussion  is  the  differ- 
ence in  radiosensitivity  as  observed  by  the 
RFC  and  PFC  assays.  Although  LPS  pre- 
treatment  conveyed  a  several-fold  increase  in 
both  the  RFC  and  PFC  response  during  op- 
timal treatment  times,  a  major  difference  con- 
cerning the  radiosensitivities  of  these  two  im- 
mune responses  exists.  While  a  constant  ex- 
posure dose  of  400  r  reduced  the  RFC  re- 
sponse of  irradiated  animals  to  30%  of  the 
nonirradiated  controls,  the  same  dose  re- 
duced the  PFC  response  to  only  3-7%  of  the 
PFC  value  of  the  normal,  nonirradiated  con- 
trols. Equally,  a  disparity  exists  for  the  opti- 
mally LPS-stimulated  groups  in  their  RFC 
and  PFC  response  when  compared  to  their 
nonirradiated  controls.  In  contrast  to  the 
maximal  LPS  enhancement  of  RFC  response 
which  attained  a  value  of  nearly  90%  of  the 
nonirradiated  controls,  the  highest  LPS  en- 
hanced RFC  response  in  irradiated  animals 
was  less  than  24%  of  the  nonirradiated  con- 
trols. The  assumption  of  two  separate  cell 
lines  for  rosetting  and  antibody  production 
response  would  conveniently  serve  to  explain 
the  lack  of  parallelism  of  LPS  radioprotection 
of  the  PFC  and  RFC  responses  as  well  as 
differences  in  radiosensitivity.  It  is  known 
that  the  immunological  role  of  T-cells  in  ex- 
pressing cellular  immunity  is  not  markedly 


inhibited  by  irradiation  in  doses  greatly  af- 
fecting antibody  formation  (23,  24).  That  ro- 
sette-forming cells  are  sensitized  immuno- 
cytes  is  well  established  by  the  simple  dem- 
onstration that  these  cells  drastically  increase 
in  numbers  in  the  spleens  of  mice  immunized 
with  SRBC.  However,  their  precise  in  vivo 
function  as  well  as  their  relationship  to  anti- 
body producing  cells  remains  speculative  and 
controversial.  Neonie  and  Harris  (25)  postu- 
late that  the  rosetting  cell  involves  newly 
synthesized  antibody  molecules  which  are 
still  attached  to  the  cell  surface  and  can  act 
as  specific  receptors  for  antigen.  It  has  also 
been  shown  that:  (a)  the  in  vitro  development 
of  rosette-forming  cells  requires  an  active  syn- 
thetic process;  (b)  anti-IgG  and  IgM  antibod- 
ies inhibit  both  RFC  and  PFC  assays  (26) 
and  (c)  RFC's  are  susceptable  to  the  action 
of  2-mercaptoethanol  to  the  same  extent  as 
IgM  antibodies  (27).  The  demonstration  of 
these  similarities  between  specific  antibodies 
and  the  surface  receptors  of  rosetting  cells, 
however,  is  by  no  means  conclusive  proof 
that  rosetting  cells  and  antibody  producing 
cells  are  one  and  the  same.  It  is  well  known 
that  T-cells  also  cany  antigen-specific  surface 
receptors  (28)  which  are  capable  of  antigen 
binding  (29). 

Convincing  evidence  that  PFC's  and 
RFC*s  are  largely  independent  populations 
comes  from  the  work  of  Wilson  (30)  who  was 
able  to  separate  RFC's  from  PFC's  by  means 
of  velocity  sedimentation.  More  convincing 
were  his  results  obtained  by  using  isolated 
individual  rosette  forming  and  plaque  form- 
ing cells.  As  he  found,  very  few  RFC's  were 
able  to  produce  plaques.  Equally,  few  PFC's 
were  able  to  form  rosettes.  It  must  also  be 
pointed  out  that  the  kinetic  profile  of  the 
RFC  response  is  entirely  different  from  the 
PFC  response  suggesting  that  RFC's  are 
long-lived  immunocytes  or  memory  cells  (26). 

The  final  point  we  wish  to  emphasize  is 
that  it  is  possible  to  compensate  for  radiation- 
caused  immune  damage  by  LPS,  but  only  if 
LPS  is  applied  at  the  proper  time  relative  to 
irradiation.  The  practical  use  of  such  pretreat- 
ment  in  patients  undergoing  radiotherapy  is 
an  obvious  aim.  How  these  observations  will 
apply  to  human  cases  remains  to  be  explored. 

Summary.  It  has  been  established  that  en- 
dotoxic  lipopolysaccharide  (LPS)  exerts  a 
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tenn  effect  on  the  immune  system.  This 
;  is  multi-phasic.  Contingent  upon  the 
interval  between  adjuvant  application 
immunogen  injection,  either  enhance- 
or  immunosuppressive  effect  could  be 
ved.  LPS  given  2-4  or  10- 16  days  before 
>  red  blood  cell  (SRBC)  immunogen 
icantly  enhanced  the  immune  response 
leasured  by  rosette  formation  (RFC), 
given  7  or  8  days  before  SRBC  was 
mosuppressive. 

sed  on  this  information,  attempts  were 
;  to  prevent  or  repair  radiation-caused 
mosuppression  by  using  LPS  at  optimal 
It  was  found  that  under  such  conditions 
can  minimize  such  damage.  The  appli- 
a  of  LPS  3  days  after  irradiation  was 
ariy  effective  in  the  repair  of  immuno- 
ression  as  measured  by  the  RFC  assay, 
was  less  efficient  but  still  useful  in  re- 
ig  the  radiation-caused  suppression  of 
lumber  of  plaque  forming  cells  (PFC). 
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When  tested  by  transplantation  techniques 
chemically-induced  tumors  appear  to  cany 
tumor-unique,  noncross  reacting  transplan- 
tation antigens  (i-3).  In  contrast,  in  vitro 
assays  such  as  microcytotoxicity  (4,  5),  lym- 
phocyte proliferation  (6, 7)  and  antibody-me- 
diated cytotoxicity  (8)  show  that  these  tumors 
also  share  common  antigens  in  addition  to 
their  unique  transplantation  antigen.  Evi- 
dence of  cross-reactivity  between  chemically- 
induced  tumors  has  also  been  demonstrated 
through  delayed  hypersensitivity  testing  (9, 
10)  and  in  certain  circumstances  by  trans- 
plantation tests  (1,6,  11). 

In  previously  reported  studies  from  this 
laboratory  (6),  solubilized  tumor  membrane 
preparations  were  found  to  contain  antigens 
which  crossreacted  among  several  fibrosar- 
comas as  well  as  antigens  which  were  unique 
to  each  individual  tumor.  Lymphocyte  prolif- 
eration assays  (LPA)  demonstrated  these 
same  preparations  also  contained  antigenic 
activity  which,  when  given  with  adjuvants, 
provided  tumor  specific  protection  in  trans- 
plantation tests.  Studies  presented  in  this  pa- 
per show  that  the  biologically  active  material 
in  such  membrane  preparations  are  hetero- 
geneous in  molecular  size,  and  that  compo- 
nents of  different  size  may  either  stimulate  or 
inhibit  proliferation  in  lymphoid  cell  subsets 
found  in  the  tumor-bearing  animal. 
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tutes of  Health  Grant  Nos.  AI-00401,  CA-153H  HD- 
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32610. 


Material  and  methods.  Animals.  Female, 
CS7Bi/6J  mice  were  purchased  from  the 
Jackson  Laboratories,  Bar  Harbor,  Maine. 
The  animals  were  6  weeks  old  upon  receipl 
and  were  used  in  experiments  when  9-10 
weeks  old.  Animals  were  fed  a  diet  of  Mouse 
Chow  (Purina  Co.)  and  water  ad  libitum. 

Tumors.  Methylcholanthrene  (0.5  mg  in 
0. 1  ml  olive  oil)  was  injected  into  ten  animals 
at  four  intramuscular  sites.  Fibrosarcomas 
become  apparent  in  all  mice  within  6-12 
weeks  and  were  frozen  following  one  passage 
in  syngeneic  mice  (C57B1/6J)  or  were  pas- 
saged in  syngeneic  mice  for  not  more  than 
ten  passages.  Two  of  these  tumors  (M3  and 
M4)  were  utilized  in  this  study.  These  tumon 
were  tested  extensively  and  shown  to  have 
unique  (non  cross  protective)  transplantatioii 
antigens,  but  shared  antigens  as  detected  in 
the  LPA  (see  below).  The  tumors  utilized 
were  not  selected  on  the  basis  of  any  knowt 
attribute  but  represented  a  random  selectioi 
among  those  tumors  available. 

Preparation  of  solubilized  tumor  antigem 
and  fractions.  A  modification  of  the  prooe 
dure  of  Reisfeld  (12)  as  described  by  Forbes 
(6)  was  used  to  solubilize  antigens  from  sar 
comas.  The  amounts  added  to  cultured  lym 
phocytes  were  graded  by  dilution  of  the  crude 
or  fractionated  material,  and  indicated  in  mi 
croliters.  Since  the  character  of  the  activit) 
had  not  yet  been  defined  chemically,  it  wa^ 
not  appropriate  to  express  it  in  terms  of  pro- 
tein content.  Solubilized  tumor  membrane 
preparations  were  fractionated  by  ultrafiltra 
tion  through  Amicon  filters  of  varying  port 
size.  Fractions  obtained  are  designated  in  this 
report  by  the  molecular  weight  range  con 
tained  in  the  fraction.  For  example,  fractiot 
50,000-100,000  contained  material  whid 
passed  an  XM50  membrane  (exclusion  limii 
50,000  daltons).  Fraction  <30,000  contained 
all  material  which  passed  a  PM30  membrane 
(exclusion  limit  30,000  daltons).  That  mate 
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ined  above  a  membrane  represented 
which  remained  after  extensive  ''di- 
^th  large  volumes  of  buffer  (phos- 
iffered  saline,  pH  7.2).  The  solubi- 
mor  antigen  preparations  were  re- 
3  by  a  tumor  number  designation 
1  by  the  bracketed  suffix  [s].  The 
membranes  used  in  these  prooxiures 
I XM300,  XMIOO,  XM50,  and  PM30. 
nes  were  used  according  to  the  man- 
rs  instructions  and  were  only  used 
I.  The  molecular  size  performance  of 
;mbranes  is  well  documented,  and 
id  independently  in  this  laboratory 
»ncurrent  experiments. 
ration  of  lymphoid  cells.  Spleen  or 
ode  cells  were  removed  from  exsan- 
l  mice  under  aseptic  conditions.  After 
with  scissors  m  RPMM640  (Gibco) 
>  were  passed  through  a  60  mesh 
steel  screen  followed  by  sequential 
through  20  ga,  22  ga,  and  25  ga 
Single  cell  suspensions  were  washed 
les  in  RPMI-1640  and  were  enumer- 
viable  cells  by  the  trypan  blue  exclu- 
cedure. 

of  tumor  antigen  stimulation  of  lymph- 
The  lymphocyte  proliferation  assay 
mployed  was  based  upon  that  de- 
previously  (6),  but  modified  to  use 
ttes  and  automated  cell  harvesting  as 
i  by  Hartzman  (13).  Five  hundred 
1  lymphocytes  per  well  in  0.2  ml 
ontaining  100  ^g/ml  streptomycin, 
ml  penicillin  and  5%  heat  inactivated 
serum  per  ml,  were  distributed  in 
ottomed  Linbro  (#IS-MRC-96)  mi- 
i.  The  antigens  or  dilutions  thereof 
led  in  a  volume  of  20  /xl.  The  cultures 
ubated  at  37^C  in  an  atmosphere  of 
.  Tritiated  thymidine  (0.5  /xCi)  was 
3  each  well  after  48  hr  incubation, 
ig  18  hr  additional  incubation  the 
were  harvested  on  glass  fiber  filters 
!  harvester.  The  samples  were  then 
d  and  counted  in  a  Beckman  LS250 
:intillation  counter.  Data  presented 
ted  the  mean  cpm  values  plus  or 
ae  standard  error  (SE)  of  four  repli- 
ures  at  each  dose  tested, 
h  experiment  lymphocytes  of  tumor- 
emimals  were  taken  from  the  animals 
following  an  injection  of  1  x  10^ 


viable  tumor  cells  intramuscularly.  Tumor 
cells  for  injection  were  prepared  as  previously 
described  (14).  Normal  lymphocytes  were 
taken  fix>m  normal,  age  matched  mice. 

Results.  Chemical  characterization  of  lym- 
phocyte stimulating  activity  in  KCl  solubi- 
lized  tumor  membranes  requires  initial  puri- 
fication of  large  volumes  of  material.  Ultra- 
filtration through  selected  membranes  pro- 
vided a  means  to  separate  large  volumes  into 
fractions  which  were  suitable  for  ftirther  char- 
acterization. In  addition,  these  fractions  were 
found  to  have  selective  effects  on  lymphocyte 
subpopulations.  Unfractionated  3  M  KCl  sol- 
ubilized  tumor  preparations  of  murine  fibro- 
sarcomas are  often  viscous,  difficult  to  filter 
to  assure  sterility,  and  inactive  in  a  lympho- 
cyte proliferation  assay,  possibly  due  to  con- 
tent of  polymeric  DNA.  It  was  found  initially 
that  a  single  purification  step  passage  through 
ultrafilters  excluding  material  over  300,000 
daltons  usually  yielded  a  non viscous  fraction 
which  contained  the  material  stimulatory  in 
the  LPA.  However,  some  lots  of  antigen  were 
inactive  after  such  a  preliminary  step  (see 
Fig.  2A). 

This  note  describes  an  extension  of  this 
approach  in  which  fractions  which  were  or 
were  not  inactive  after  this  initial  step  were 
ftirther  fractionated  and  then  tested  for  a 
capacity  to  stimulate  spleen  of  tumor-bearing 
animals.  Data  from  a  representative  experi- 
ment are  shown  in  Figs.  1  and  2.  Spleen  cells 
were  stimulated  in  a  double  peak  pattern  by 
unfractionated  solubilized  material  (Fig.  1  A). 
A  major,  broad  peak  occurs  at  the  high  (10 
/il)  dose  and  a  second  peak  is  found  in  the 
low  (1  id)  dose  range.  The  second  peak  was 
characterized  both  by  a  narrow  range  of  ef- 
fective dose  and  smaller  magnitude,  as  com- 
pared with  the  high  dose  peak.  Fractions 
containing  material  under  100,000,  50,000,  or 
30,000  daltons,  respectively,  gave  reduced  ca- 
pacity to  stimulate  spleen  cells  especially  that 
below  30,000  (Fig.  ID).  In  some  experiments, 
the  low  dose  peak  persisted  in  this  latter 
fraction  (see  Fig.  3,  for  example)  suggesting 
that  the  active  fraction  has  a  lower  limit  of 
molecular  size  on  the  order  of  30,000. 

Preparations  inactive  after  passage  through 
the  XM300  membrane  were  further  fraction- 
ated by  extensive  dialysis  on  XMIOO  and 
XM50  membranes,  which  yield  preparations 
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C57M4  C£)    AOOED    (jil) 

Fig.  1.  LPA  data  from  culture  of  spleen  cells  taken 
from  normal  (A)  or  M4-bearing  (•)  animals,  to  which 
varying  amounU  of:  (a)  Unfractionated  M4-[s].  (b)  M4- 
M,  <100,000.  (c)  M4-[s],  <50,000.  (d)  M4-[s],  <30,000, 
had  been  added.  Data  represents  one  means  of  four 
replicates  ±  SE. 


20  K>  20 

*"  C57M4  CS3    ADOeO  {>l) 

Fig.  2.  LPA  data  from  spleen  cells  taken  from  nor- 
mal (A)  of  M4-bearing  (#)  animals  to  which  had  been 
added  varying  amounu  of  (a)  M4-(s],  <300,000.  (b)  M4- 
|s],  100,000-300,000.  (c)  M4-(s],  50,000-100,000. 

having  both  upper  and  lower  limits  of  molel- 
cular  size.  Activity  in  such  preparations  were 
greatest  in  the  50,000-100,000  dalton  frac- 
tions. A  representative  experiment  is  shown 
in  Fig.  2. 

Unfractionated  solubilized  tumor  mem- 
branes derived  from  syngeneic  tumors  con- 
tained lymphocyte  stimulating  activities 
shared  by  some  but  not  all  syngeneic  MCA 


10 


20 


20  10 

[S]  ANTIGEN  AOOED  (>il) 
Fig.  3.  LPA  data  from  spleen  cells  taken  from  nor- 
mal (A)  or  M4-bearing  animals  (#),  to  which  had  been 
added  varying  amounts  of  (a)  M4-[s],  30,000-300,000. 
(b)  M4.[s],  <30,000.  (c)  M3-[s],  30,000-300,000.  (d)  M4- 
(s],  <30,000. 


tumors  (6,  7).  It  seemed  possible  that  such 
crossreacting  antigens  might  segregate  into 
fractions  of  differing  molecular  size,  and  thus 
permit  identification  of  a  tumor-unique  anti- 
genic moiety.  Figure  3  represents  data  from 
experiments  in  which  fractions  from  two  tu- 
mors were  tested  simultaneously.  That  con- 
taining the  higher  (30,000-300,000  daltons) 
or  lower  (<30,000  daltons)  molecular  weight 
molecules  derived  from  the  M3  or  M4  tumor 
gave  virtually  identical  patterns  of  stimula- 
tion of  spleen  cells  taken  from  animals  bear- 
ing the  M4-tumor.  Thus,  no  difTerenoes  in  the 
molecular  size  spectrum  difference  of  the  an- 
tigenic material  was  detected  by  this  ap- 
proach. 

Discussion.  The  data  presented  here  define 
further  some  characteristics  of  the  lympho- 
cyte stimulating  material  present  in  3  3/  KCl- 
solubilized  methylcholanthrene-induced  fi- 
brosarcomas. Application  of  a  graded  filter 
technique  showed  that  stimulatory  moieties 
involved  are  of  two  general  categories  in  mo- 
lecular size.  One  is  about  30,000  daltons  and 
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her  50,000-100,000  daltons.  The  latter 
ctive  at  a  high  dose  level;  the  crude  3M 
olubilized  membrane  preparations  also 
r  to  contain  both  high  (>300,000)  and 
<50,000)  molecular  weight  inhibitory 
nces.  Whether  these  instances  were 
ic  or  nonspecific  was  not  determined, 
oncomitant  presence  of  both  antigens 
stimulate  lymphoid  cells  and  inhibitors 
jiown  character  obviously  complicates 
terpretation  of  any  experimental  data 
ed  with  unfractionated  material, 
mtitative  aspects  of  the  dose  response 
:s,  the  two  peak  stimulatory  behavior, 
lave  at  least  two  explanations.  For  ex- 
,  two  specific  lymphocyte  subpopula- 
nay  be  responding  to  the  high  and  low 
ular  weight  fractions.  On  this  premise, 
lolecular  weight  stimulation  gives  a 
peak,  with  inhibition  at  higher  dose 
reminiscent  of  in  vitro  T-cell  responses 
ogens  and  antigens  (15,  16).  The  high 
timulation  peaks  are  sustained  over  a 
er  range  of  dose,  or  show  progressively 
magnitude.  The  latter  patterns  suggest 
ative  activation  of  multiple  cell  subsets, 
ispecific  polyclonal  activation  of  B-cell 
s  by  B-cell  mitogen  (17).  It  is  estab- 
that  both  T-  and  B-cell  subsets  are 
ated  by  solubilized  tumor  preparations 
lymphocyte  proliferation  assay  (unpub- 
),  and  that  a  third,  non-T,  non-B  cell, 
aicrophage  subset  ("null  cells")  is  also 
ated  by  such  antigens.  This  explanation 
I  viable,  but  not  established  by  any  data 
herein. 

econd  explanation  might  be  that  the 
ose  stimulatory  material  is  present  in 
preparations  in  a  concentration  signif- 
f  higher  than  that  giving  high  dose 
ation.  Possibly  responsible  for  the  latter 
be  that  the  material  is  in  polymeric 
exes. 

;  presence  of  inhibitors  of  uncertain 
city  is  an  observation  of  considerable 
;:al  importance  in  refining  the  LPA  into 
e  useful  experimental  and  clinical  (18) 
'hese  data  include  that  a  relatively  sim- 
jrification  step  can  yield  stimulatory 


tumor  antigen  or  more  uniform  quality. 

Summary,  Solubilized  antigens  of  murine 
methylcholanthrene-induced  fibrosarcomas 
prepared  by  treatment  of  tumor  tissue  with 
hypertonic  KCI  were  separated  into  fractions 
depending  upon  exclusion  by  molecular 
weight  by  selected  ultra-filters.  These  studies 
showed  that  material  of  both  high  molecular 
weight  (>300,ck)0)  and  low  molecular  weight 
(<30,000)  inhibited  ^H-thymidine  incorpo- 
ration by  lymphoid  cells  taken  from  tumor- 
bearing  animals.  When  the  inhibitor  were 
removed,  the  material  remaining  stimulated 
proliferation  in  such  lymphoid  cells  over  a 
wide  range  of  molecular  weights  (<30,000 
daltons  to  >  100,000  daltons). 
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Bone  alkaline  phosphatase  (AP)  activity 
has  been  shown  to  be  highest  in  areas  of  bone 
undergoing  mineralization  (1,  2),  but  its  role 
and  substrate(s)  are  not  known.  Magnusson 
et  al.  (6)  performed  histochemical  studies 
which  suggest  that  bone  AP  in  mineralizing 
areas  might  be  an  alkaline  ATPase  that  uses 
Ca-ATP  as  substrate.  In  contrast  to  this  con- 
cept, Messer  el  al.  (7)  have  shown  evidence 
that  bone  nonspeciflc  AP  and  ATPase  might 
be  properties  of  different  enzymes. 

The  effect  of  parathyroid  hormone  (PTH) 
on  bone  AP  activity  has  previously  been  stud- 
ied in  vitro  with  conflicting  results.  Compared 
to  bones  cultured  without  PTH,  mouse  cal- 
varia  incubated  with  the  hormone  have  been 
shown  to  contain  increased  AP  activity  (8), 
decreased  AP  activity  (9),  and  unchanged  AP 
activity  (10).  Isolated  rat  bone  cells  incubated 
with  PTH  in  the  medium  showed  a  40% 
decrease  in  surface  AP  activity  after  only  2 
hr  (11).  Luben  et  al  (12)  have  isolated  a 
population  of  osteoblastlike  cells  from  mouse 
calvaria.  Incubation  of  these  cells  with  PTH 
causes  a  substantial  decrease  in  AP  activity 
after  24  hr.  Using  embryonic  chick  tibiae  in 
organ  culture  (13,  14),  the  present  study  was 
undertaken  to  determine  and  compare  the 
effects  of  PTH  on  bone  AP  activity  and  on 
bone  ATPase  activity.  Different  effects  of 
PTH  on  the  two  activities  would  be  consistent 
with  the  concept  of  two  separate  enzymes. 

Materials  and  methods.  Organ  culture.  Ti- 
biae were  aseptically  removed  from  10-  to  12- 
day  old  White  Rock  chick  embryos  and 
rinsed  briefly  in  HEPES  (^-2-hydroxyethyl- 
piperazine-/^-ethanesulphonic  acid)-buff- 
ered  salt  solution,  pH  7.4.  The  tibiae  were 

*  This  investigation  was  supported  by  NIH  research 
Grant  Nos.  DE  02668  and  DE  00288  from  the  National 
Institute  of  Dental  Research  and  by  NIH  Grant  No.  RR 
05333  from  the  Division  of  Research  Facilities  and 
Resources. 


then  placed  in  25  ml  Erlenmeyer  flasks  con- 
taining 3-5  ml  chemically  defined  culture 
medium.  The  flasks  were  gassed  with  5%  CO2 
in  air,  closed  with  silicone  rubber  stoppers, 
and  placed  on  a  rocker  platform  in  a  38° 
incubator.  All  culture  media  were  prepared 
by  modification  of  Eagle's  minimum  essential 
medium  as  described  by  Ramp  and  Neuman 
(13).  The  calcium  and  phosphate  concentra- 
tions were  1.8  mM  and  1  mA/,  respectively. 
Bovine  serum  albumin  (1  mg/ml)  was  added 
to  the  media  to  prevent  the  PTH  from  ad- 
sorbing to  the  glass  culture  flasks.  Tibiae  were 
paired  between  control  and  treatment  flasks 
such  that  each  embryo  served  as  its  own 
control.  The  bones  were  precultured  for  24  hr 
in  medium  without  PTH  to  remove  extra- 
neous AP  (enzyme  in  blood  or  in  the  small 
amounts  of  non-bone  tissue  explanted  with 
the  bone).  Preculture  removed  approximately 
25%  of  die  AP  associated  with  noncultured 
bones.  All  of  the  AP  activity  lost  from  the 
tibiae  during  preculture  was  recovered  in  the 
medium.  After  preculture  the  medium  was 
changed  to  fresh  medium  containing  either 
PTH  or  the  PTH  vehicle.  The  incubation  was 
then  continued  for  24  or  48  hr.  At  the  end  of 
the  culture  period,  the  bones  were  briefly 
rinsed  in  0.9%  NaCl  solution.  Bones  and 
media  were  frozen  and  stored  at  —20^  until 
use. 

Unless  otherwise  noted,  the  source  of  PTH 
was  Lilly  Parathyroid  Injection.  Highly  pur- 
ified bovine  PTH  was  obtained  from  Inolex 
Laboratories  and  the  synthetic  1-34  peptide 
of  bovine  PTH  from  Beckman.  The  vehicle 
for  Lilly  Parathyroid  Injection  was  0.2% 
phenol,  1.6%  glycerin,  and  the  vehicle  for  the 
purified  and  synthetic  PTH  was  0.001  N  HCl, 
0.9%  NaCl. 

Analytical  procedure.  Bones  were  homoge- 
nized in  distilled  water  with  a  Polytron  ho- 
mogenizer  (Brinkmann).  The  homogenate 
and  culture  media  were  assayed  for  AP  activ- 
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ity  at  pH  9.8  using  /7-nitrophenylphosphate 
(/7-NPP)  as  substrate  (15).  One  unit  of  en- 
zyme activity  is  defined  as  one  micromole  of 
substrate  hydrolyzed  per  hr  at  38°,  and  en- 
zyme activity  is  expressed  in  terms  of  activity 
units  (A)  per  bone.  Bone  ATPase  activity  was 
determined  using  the  supernatant  of  the  bone 
homogenate  after  centrifugation  at  \0O0g  for 
10  min  to  remove  large  particles.  Samples  of 
supernatant  were  incubated  for  1  hr  with  3 
mM  ATP  containing  /^p.^TP  (SA  =  0.2 
Ci/mole),  3  mM  MgCk  in  75  mM  Tris,  pH 
8.5,  in  a  total  vol  of  0.2  ml.  In  some  assays  5 
mM  levamisole  (American  Cyanamid  Co., 
Princeton,  NJ)  was  included  in  the  hydrolysis 
incubation.  The  rate  of  hydrolysis  of  ATP  in 
this  assay  was  maximal  at  pH  8.5,  proceeded 
at  a  constant  rate  during  this  time  period,  and 
was  proportional  to  the  amount  of  homoge- 
nate assayed.  The  hydrolysis  was  stopped 
with  0.2  ml  10%  trichloroacetic  acid.  Free  Pi 
was  extracted  with  0.1  ml  5%  ammonium 
molybdate  and  0.4  ml  isobutanol.  After  mix- 
ing for  30  sec,  the  samples  were  centrifuged 
at  2000g  for  10  min  to  separate  the  aqueous 
phase  from  the  isobutanol  (16).  The  free  Pi 
in  a  sample  of  the  isobutanol  phase  was  cal- 
culated from  the  amount  of  ^P  as  determined 
by  liquid  scintillation  counting  and  ATPase 
activity  is  expressed  as  nmole  of  ATP  hydro- 
lyzed per  bone  per  hr.  Lactate  released  to  the 
medium  was  measured  enzymatically  (17) 
after  removal  of  interfering  substances  with 
Norit  A  charcoal.  The  significance  levels  of 
differences  between  paired  control  and 
treated  bones  were  determined  using  Stu- 
dent's /  test  for  paired  data.  A  value  of  P  < 
0.05  was  considered  significant.  Since  this  test 
of  significance  is  based  on  the  difference  be- 
tween paired  bones,  no  inference  as  to  the 
levels  of  significance  can  be  made  from  the 
standard  error  of  mean  values.  Therefore, 
these  were  not  included  in  the  figures. 

Results,  The  experiment  shown  in  Fig.  1 
was  performed  to  determine  the  changes  in 
total  AP  activity  (bone  content  +  medium 
content)  of  tibiae  during  48  hr  of  organ  cul- 
ture. Tibiae  from  11 -day  embryos  were  pre- 
cultured  for  24  hr.  One  bone  from  each  pair 
was  then  frozen,  and  the  other  was  placed  in 
fresh  medium  and  incubated  for  48  additional 
hr.  During  the  48-hr  incubation,  the  bone 
content  of  AP  activity  increased  35%  com- 


pared to  the  preculture  level.  When  the  re- 
leased activity  was  added  to  the  bone  content, 
the  total  amount  of  AP  activity  after  48  hr  of 
culture  was  171%  of  the  preculture  activity. 
The  most  likely  explanation  for  these  data  is 
that  the  tibiae  were  actively  synthesizing  AP 
in  vitro.  However,  the  possibility  of  activation 
of  already  synthesized  enzyme  cannot  be 
ruled  out. 
The  data  in  Fig.  2  show  that  while  tibiae 
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Fig.  1.  Synthesis  of  AP  by  1 1 -day  chick  embryo 
tibiae.  Paired  bones  were  precultured  for  24  hr.  One 
bone  from  each  pair  was  then  frozen  and  the  other  was 
cultured  an  additional  48  hr  in  fresh  medium.  Bone 
homogenates  and  the  48  hr  incubation  media  were  as- 
sayed for  AP.  Each  bar  represents  the  mean  value  for 
eight  tibiae.  **P  <  0.01  compared  to  paired  precultured 
bones. 


24 

TIME  (Hour*) 

Fig.  2.  Effect  of  PTH  on  the  release  of  AP  by  12- 
day  chick  embryo  tibiae  in  organ  culture.  Bones  were 
paired  between  media  containing  control  and  PTH  (0.3 
U/ml)  media.  Serial  samples  of  media  were  collected 
during  the  48  hr  incubation  (after  preculture)  to  monitor 
the  release  of  AP.  Each  point  represents  the  mean  value 
for  five  tibiae.  **P  <  0.01,  ♦♦♦/>  <  0.001  compared  to 
paired  control  bones. 
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cultured  in  control  medium  released  AP  at  a 
constant  rate,  PTH  (0.3  U/ml)  caused  a  de- 
crease in  released  activity.  After  6  hr  the  AP 
activity  in  the  medium  of  PTH-treated  bones 
was  significantly  lower  than  in  control  me- 
dium according  to  the  paired  /  test,  even 
though  the  difference  between  the  means  is 
quite  small.  By  the  end  of  the  48-lir  culture 
period  the  PTH  medium  contained  only  36% 
of  the  control  activity.  Addition  of  PTH  to 
medium  containing  AP  did  not  alter  the  AP 
activity,  indicating  that  there  was  no  direct 
inhibition  of  the  AP  enzyme  by  PTH  (data 
not  shown). 

The  effect  of  PTH  to  decrease  the  amount 
of  AP  activity  released  by  tibiae  was  reflected 
in  the  bone  content  of  AP  activity.  Figure  3  A 
shows  the  bone  content  of  AP  after  48  hr  of 
culture  in  medium  containing  three  doses  of 
PTH:  0.003, 0.03,  and  0.3  U/ml.  The  decrease 
in  bone  content  (Fig.  3A)  and  release  (Fig. 
3B)  of  AP  caused  by  PTH  is  related  to  the 
concentration  of  PTH  in  the  medium,  with  a 
concentration  as  low  as  0.03  U/ml  resulting 
in  more  than  a  30%  decrease  in  AP  activity 
after  48  hr. 

Three  different  preparations  of  bovine 
PTH  (parathyroid  extract,  highly  purified 
hormone,  and  the  1-34  peptide  fragment)  all 
caused  similar  decreases  in  AP  activity.  In- 
cubation in  medium  containing  1  U/ml  of 


either  highly  purified  or  synthetic  hor 
caused  the  same  60-70%  reduction  of 
bone  content  and  release  of  AP  activ 
observed  with  parathyroid  extract. 

Studies  demonstrating  that  bone  Al 
hydrolyze  ATP  (18,  19)  have  led  to  the 
posal  that  bone  AP  may  ftmction  as  an 
ase,  possibly  to  provide  energy  to  increa 
efflux  from  bone  cells  (S).  Because  i 
clear  that  PTH  decreased  the  AP  activ 
embryonic  chick  tibiae  (Figs.  1-3),  the  e 
iment  shown  in  Fig.  4  was  perform* 
determine  whether  the  bone  ATPase  a( 
was  similarly  decreased.  As  in  previoi 
periments,  bones  were  precultured  in  a 
medium  for  24  hr  and  then  cultured  for 
in  medium  containing  either  PTH  (1  I 
or  vehicle.  The  ATPase  assay  was  perfo 
both  in  the  presence  and  atKsence  of  le 
sole  (S  mM),  an  inhibitor  of  nonspecific 
AP  (20,  21).  At  this  concentration,  levan 
caused  total  inhibition  of  the  bone  no 
cific  AP  assayed  using  /7-NPP  (daU 
shown).  At  the  end  of  the  48-lir  cultui 
riod,  the  total  ATPase  activity  of  PTH-ti 
bones  was  the  same  as  that  of  the  a 
bones  (Fig.  4B),  in  contrast  to  the  AP  ac 
of  PTH-treated  bones  which  was  again  i 
edly  decreased  (Fig.  4A).  When  the  A" 
activity  due  to  nonspecific  AP  was  elimi 
by  including  levamisole  in  the  ATPase ; 
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Fig.  3.  Dosc-rclaled  effect  of  PTH  on  the  bone  con- 
tent (A)  and  release  (B)  of  AP.  Tibiae  from  12-day  chick 
embryos  were  paired  between  control  medium  (open 
circles)  and  PTH-containing  medium  (closed  circles). 
After  preculture  and  incubation  for  48  hr.  bone  homog- 
enates  and  culture  media  were  assayed  for  AP  activity. 
There  was  no  significant  difference  in  either  the  bone 
content  or  release  of  AP  by  control  bones  in  different 
dose  groups.  Thus,  these  values  were  pooled  and  are 
represented  by  a  single  open  circle.  Each  closed  circle 
represents  the  mean  value  for  five  tibiae.  ^P  <  0.05« 
***P<  0.00!  compared  to  paired  control  bones. 
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Fic.  4.  Effect  of  PTH  on  the  bone  content 
(A),  total  ATPase  (B)  and  ATPase  in  the  preseii 
mM  levamisole  (C).  Tibiae  from  1 1-day  embiyc 
incubated  in  medium  containing  PTH  ( 1  U/nd) 
hr  afler  a  24  hr  preculture.  Enzyme  activity  is  ex] 
as  quantity  of  substrate  hydrolyzed  per  bone  pei 
that  comparisons  can  be  made  between  AP  and  / 
activity.  The  mean  (±SE)  of  the  differences  betw< 
ATPase  activities  of  paired.  PTH-treated  and 
bones  (C)  is  87  ±  23.  Each  bar  represents  the  mea 
of8tibiae.  ♦•P<0.01,  •••P<O.0OI  compaiedto 
control  bones. 
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the  ATPasc  activity  of  PTH-trcated  bones 
was  160%  of  the  activity  of  control  bones 
(Fig.  4C).  Three  additional  experiments  sim- 
ilar to  the  one  shown  in  Fig.  4  have  confirmed 
this  finding.  The  data  shown  in  Fig.  4  indicate 
that  bone  contains  at  least  two  phosphatase 
activities  at  alkaline  pH:  a  nonspecific  alka- 
line phosphatase  (AP)  that  is  decreased  by 
PTH,  and  an  ATPase  that  is  increased  by 
PTH. 

Discussion,  This  study  demonstrates  for  the 
first  time,  by  using  a  selective  inhibitor,  the 
existence  of  an  ATPase  activity  in  bone  which 
can  be  distinguished  from  nonspecific  alka- 
line phosphatase.  In  contrast  to  AP  activity, 
which  was  decreased  in  tibiae  cultured  in 
medium  containing  PTH,  this  specific  ATP- 
ase was  shown  to  be  substantially  increased 
in  PTH-treated  bones. 

Bone  AP,  the  enzyme  inhibited  by  levam- 
isole,  has  been  associated  with  mineral  dep- 
osition since  1923  when  Robison  discovered 
an  enzyme  in  ossifying  cartilage  which  would 
hydrolyze  hexosemonophosphoric  acid  es- 
ters, and  suggested  a  role  for  this  enzyme  in 
bone  calcium  phosphate  deposition  (1).  Since 
that  time,  alkaline  phosphatase  has  been  lo- 
calized in  osteoblast  plasma  membranes  and 
matrix  vesicles  in  areas  undergoing  mineral- 
ization (2).  In  spite  of  the  fact  that  AP  occurs 
in  mineralizing  areas  and  seems  to  be  neces- 
sary for  the  process  of  mineral  deposition,  no 
mechanism  for  this  process  has  been  clearly 
demonstrated.  Nevertheless,  the  inhibition  of 
bone  AP  activity  by  PTH  suggests  that  PTH 
may  exert  an  acute  inhibitory  effect  on  bone 
mineral  deposition. 

The  present  study  did  not  determine 
whether  the  decrease  in  AP  activity  caused 
by  PTH  was  due  to  inhibition  of  synthesis  of 
new  enzyme,  or  to  the  inhibition  of  the  activ- 
ity of  the  enzyme.  Work  with  HeLa  cell  AP 
has  suggested  that  cellular  cAMP  may  be 
involved  in  regulating  AP  activity  (22).  In 
HeLa  cells,  agents  leading  to  an  increased 
intracellular  cAMP  concentration  also  caused 
decreased  AP  activity.  It  is  possible  that  the 
bone  cell  cAMP  which  is  increased  by  PTH 
(23)  may  be  responsible  for  the  decrease  in 
AP  activity. 

Studies  of  alkaline  phosphatase  from  rat 
odontoblasts  involved  in  dentin  formation 
have  demonstrated  the  presence  of  a  nonspe- 


cific AP,  as  well  as  a  Ca- ATPase  (21),  which 
is  active  in  the  presence  of  0.5  mAf  levami- 
sole.  Rat  odontoblast  AP  activity  was  nearly 
completely  inhibited  by  O.S  mAf  levamisole, 
while  the  chick  bone  AP  in  the  present  study 
was  only  partially  inhibited  by  levamisole 
concentrations  less  than  S  mAf.  The  differ- 
ence between  the  concentrations  of  levami- 
sole required  to  inhibit  mammaUan  bone  AP 
and  avian  bone  AP  is  consistent  with  a  recent 
report  by  Reynolds  and  Dew  (24)  which 
showed  that  levamisole  was  ten  times  more 
potent  as  an  inhibitor  of  mammalian  bone 
AP  than  as  an  inhibitor  of  avian  bone  AP. 
As  in  the  present  study,  they  showed  that  S 
mAf  levamisole  resulted  in  near  total  inhibi- 
tion of  avian  bone  AP. 

It  has  been  suggested  (21)  that  in  odonto- 
blasts, the  AP  functions  to  remove  mineraU- 
zation  inhibitors  such  as  inorganic  pyrophos- 
phate and  to  increase  the  local  phosphate 
concentration  while  the  Ca- ATPase  acts  as  a 
Ca^***  transporting  enzyme  to  accumulate 
Ca^***  ions  in  the  cells.  These  two  odontoblast 
enzymes  may  be  analogous  to  the  two  phos- 
phatases studied  in  the  present  work.  How- 
ever, the  increase  in  bone  ATPase  that  re- 
sulted from  culture  from  PTH  suggests  that 
the  ATPase  may  function  in  PTH-stimulated 
Ca^***  efflux  from  bone  cells  rather  than  in 
accumulation  of  Ca^^  for  mineral  deposition. 
Ramp  (S)  has  shown  that  an  early  efTect  of 
PTH  is  to  increase  the  efflux  of  calcium  from 
bone  to  medium  without  increasing  the  Pi 
release.  It  was  suggested  that  this  apparent 
stimulation  of  '*Ca  pumping"  might  be  due 
to  an  increased  ATPase  activity.  The  ATPase 
that  is  not  inhibited  by  levamisole  and  is 
increased  in  PTH-treated  bones  may  be  this 
enzyme. 

Summary.  Addition  of  PTH  to  the  medium 
of  embryonic  chick  tibiae  in  organ  culture 
caused  a  decrease  in  AP  activity.  Total  ATP- 
ase activity  was  the  same  in  control  and 
treated  bones,  but  ATPase  activity  assayed  in 
the  presence  of  levamisole,  an  inhibitor  of 
bone  AP  activity,  was  greater  in  PTH-treated 
bones.  These  data  suggest  that  there  are  at 
least  two  different  phosphatase  activities  in 
bone  with  optimal  activity  at  alkaline  pH:  a 
nonspecific  alkaline  phosphatase  which  is  de- 
creased in  PTH-treated  bones,  and  an  ATP- 
ase which  is  increased  by  the  hormone. 
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overall  effects  of  acute  fluoride  poison- 
undoubtedly  related  to  the  concentra- 
fluoride  in  circulating  plasma  and  in 
iues.  The  minimum  concentration  of 
e  in  plasma  that  will  result  in  death  is 
»ly  dependent  on  a  number  of  factors 
$  the  mode  of  intake,  duration  of  ex- 
^levation  in  fluoride  concentration,  age 
animal,  the  critical  level  that  affects 
^,  and  the  relation  of  the  fluoride 
tration  to  that  of  other  ionic  constitu- 
the  plasma  and  tissues. 

lethal  concentration  of  fluorine  in 
.  of  fasted  rabbits  (1),  acutely  poisoned 
ric  intubation  of  a  solution  of  sodium 
e,  (100-140  mg/kg  body  weight)  was 
(<28  ppm)  than  that  reported  by  De 
et  al  (2)  for  young  rats  given  50  mg/kg 
y  weight  (10-12  ppm).  The  highest 

fluoride  concentration  (35  ppm)  ob- 
by  Hall  et  al  (1)  was  found  2  hr  after 
t  was  fatally  poisoned  with  140  mg  of 
I  fluoride  per  kg  of  body  weight.  Fu- 
and  Okuda  (3)  found  levels  of  20  ppm 
e  in  the  plasma  of  rabbits  one  hr  after 
I  administration  of  a  single  dose  of  220 
ium  fluoride  and  at  the  end  of  the  24- 
od  the  concentration  had  returned  to 
[  levels.  A  decrease  in  total  calcium 
tration  in  plasma  was  observed  while 
e  levels  increased  following  the  appli- 
of  25  mg  sodium  fluoride  per  kg  of 
/eight  to  the  buccal  mucosa  of  young 

rder  to  establish  the  range  of  plasma 
e  concentrations  that  occur  as  a  con- 
ce  of  acute  fluoride  poisoning,  young 
Its  were  employed  in  this  investigation 
y  the  uptake  and  distribution  of  par- 
ly administered  high  fluoride  doses. 
Fects  of  these  treatments  on  the  ionic 
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and  total  calcium  concentrations  in  plasma 
were  also  examined  since  acute  fluoride  poi- 
soning may  produce  alterations  in  plasma 
calcium  levels  and  interference  with  the  role 
of  calcium  in  metabolism. 

Methods,  Male  rats  weighing  approxi- 
mately 200  g  were  given  3,  4  or  5  mg  of 
fluoride  (15,  20  or  25  mg/kg  body  weight)  as 
sodium  fluoride  intraperitoneally  in  1  ml  of 
solution.  The  rats  were  fed  Purina  Laboratory 
Chow  (20-60  ppm  F")  and  tap  water  (1  ppm 
F~)  throughout  the  experimental  period.  A 
few  select  animals  were  given  inert  fluoride 
labeled  with  radioactive  fluoride  (^^F),  a  pos- 
itron emitter  with  a  half-life  of  109.7  min  and 
sacrificed  10,  30  or  60  min  following  the 
dosage.  All  animals  receiving  3  or  4  mg  of 
fluoride  were  bled  under  ether  anesthesia  by 
heart  puncture  at  10  min  and  1,  4  and  24  hr 
after  the  dosage.  Select  animals  receiving  ra- 
dioactive fluoride  were  also  bled  after  30  min. 
To  test  the  possibility  that  food  residues  pres- 
ent in  the  intestinal  tract  and  stomach  of 
animals  given  access  to  food  might  function 
as  a  significant  compartment  for  distribution 
of  intraperitoneally  administered  fluoride  or 
modify  the  toxic  effect  of  acute  doses  of 
fluoride,  some  of  the  animals  were  removed 
from  food  and  water  16  to  18  hr  prior  to 
being  given  the  fluoride  challenge  dose  la- 
beled with  radiofluoride  (^^F).  The  animals 
given  5  mg  of  fluoride  immediately  became 
moribund  and  blood  could  be  obtained  only 
at  10  and  60  min  after  the  dosage  since  most 
animals  did  not  survive  for  longer  periods. 
Anesthesia  was  generally  not  required  for 
animals  receiving  5  mg  of  fluoride.  In  addi- 
tion to  plasma,  the  humeri,  tail  tendon  and 
muscle  were  taken  for  analytical  and  for  ra- 
diochemical analyses  from  animals  receiving 
labeled  fluoride.  Control  animals  that  did  not 
receive  the  fluoride  treatment  were  sacrificed 
to  provide  baseline  information  on  the  nor- 
mal concentration  of  fluoride  in  plasma  and 
the  selected  tissues. 

The  total  fluorine  concentration  of  blood 
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plasma  from  each  animal  was  determined  by 
microdiffusion  and  colorimetric  analyses  (4). 
Ionic  fluoride  levels  were  measured  in  plasma 
ultrafiltrates  with  the  Orion  ion-speciflc  elec- 
trode (5)  when  sufficient  volume  of  plasma 
was  available.  The  total  calcium  levels  in 
plasma  were  determined  using  a  modified 
calcium  fluorimetric  technique  (6).  The  ionic 
calcium  concentrations  were  determined  with 
an  Orion  flow-thru  calcium  ion-activity  elec- 
trode. Radiofluoride  concentrations  in  the 
plasma  and  other  tissues  were  determined 
with  a  well-type  crystal  scintillation  counter. 
All  radioactivity  measurements,  after  correc- 
tion for  background  counts  and  volume,  were 
adjusted  for  radioactive  decay  to  a  single 
point  in  time. 

Results,  Rats  receiving  3  or  4  mg  of  fluoride 
(15  or  20  mg/kg  body  weight)  exhibited  ex- 
tremely high  mean  plasma  fluoride  levels 
after  10  min  which  declined  rapidly  thereafter 
(Table  I).  By  24  hr  plasma  fluorine  concen- 
trations had  returned  to  nearly  preexperimen- 
tal  levels  (0.12  ±  0.009,  12  animals).  After  10 
min  those  animals  given  the  5  mg  dose  ex- 
hibited plasma  fluorine  levels  as  high  as  57 
ppm.  The  concentration  of  fluorine  found  in 
plasma,  tendon  and  humeri  of  a  limited  num- 
ber of  the  animals  that  received  the  dose 
labeled  with  radiofluoride  and  were  sacrificed 
at  10,  30  and  60  min  following  the  challenge 
are  displayed  in  Table  II.  These  tissues  and 
the  muscle  were  analyzed  for  radiofluoride. 
Calculated  fluoride  levels  were  obtained 
based  on  the  ^^F  determination  of  the  tissue 


and  the  specific  activity  (cts/jLig  ^^1 
administered  solution.  The  fluoride 
tration  in  the  muscle  of  these  animal 
relation  between  the  muscle  and  pL 
oride  contents  are  presented  sepa 
Table  III. 

The  concentrations  of  ionic  and 
cium  in  the  plasma  are  presented  in 
bar  diagrams.  The  number  at  the  to 
bar  indicates  the  number  of  anims 
mean  value.  The  total  height  of  the 
cates  the  total  plasma  calcium  cone 
(mg  %)  and  the  horizontal  line  near  t 
of  the  bar  denotes  the  mean  concent 
ionic  calcium  (mg  %).  The  numb 
clear  area  of  the  bar  is  the  %  of 
calcium  in  the  ionic  state. 

Discussion.  Animals  receiving  3  oi 
fluoride  (15  or  20  mg/kg  body  we 
spite  having  very  high  plasma  fluor 
(>30  ppm)  10  min  after  receiving 
lenge  dose,  invariably  lived  and  ex 
rapid  return  toward  the  preexp 
plasma  total  fluorine  level  (0.12  p] 
proximately  70%  of  the  plasma  tola 
was  ionic. 

The  animals  given  5  mg  of  fluorid 
always  have  higher  plasma  ionic  flu< 
els  than  those  receiving  the  4  mg  d 
is  particularly  evident  in  the  results  i 
There  is  no  simple  explanation  whj 
the  animals  given  the  5  mg  dose  di< 
60  min  whereas  all  the  animals  tre^ 
4  mg  of  fluoride  survived.  It  is  indeec 
that  much  higher  levels  than  49  an< 


TABLE  I.  Fluoride  Content  of  Plasma  after  Intraperitoneal  Administration  of  Flu- 

Fluoride  dose^ 


Time  of  collection 

3 

4 

5 

10  minutes 

Total 

29.5  ±  1.58(12) 

35.1  ±  2.52(12) 

48.0  ±  2.1( 

Ionic 

22.9  ±  1.07  (9) 

29.2  ±  2.45  (9) 

37.6  ±  2.8: 

eOmin 

Total 

6.4  ±  0.75(11) 

15.1  ±  1.08(14) 

9.0  ±  2.4^ 

Ionic 

S.2  ±  0.90(11) 

11.9  ±  0.079(8) 

4.17  ±  1.8: 

4hr 

Total 

0.72  ±  0.108(10) 

1.41  ±  0.253  (10) 

Ionic 

0.43  ±  0.020  (4) 

1.44  ±  0.112(4) 

24hr 

ToUl 

0.19  ±  0.03  r  (11) 

0.33  ±  0.105(8) 

Ionic 

0.05  ±  0.006  (3) 

— 

"  Parts  per  million  ±  SEM  (number  animals). 

*  mg/200  g  body  weight. 

'^  Preexperimental  levels  0. 12  ±  0.009  ( 12). 
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TABLE  II.  Fluoride  Content  of  Tissues"  of  Rats  after  Administration  of  Large  Doses  of 
Fluoride  Labeled  with  Radiofluoride.^ 


Flaofide'' in- 
jected 

Plasma 

Tendon 

Humeri 

Predicted 

Found 

Predicted 

Found 

Predicted 

Found 

lOmin 

25.0 

24.7 

12.0 

lO.O 

191 

160 

21.1 

21.8 

11.1 

9.6 

181 

172 

37.7 

34.3 

13.9 

11.4 

203 

174 

22.9 

22.6 

34.3 

30.4 

163 

174 

46.6 

43.2 

15.5 

13.4 

214 

189 

54.6 

49.1 

13.5 
30min 

12.3 

227 

228 

I5.I 

14.1 

19.5 

20.0 

245 

232 

13.6 

13.0 

8.1 

6.7 

242 

232 

23.7 

20.3 

7.5 

5.1 

271 

253 

21.3 

20.7 

13.1 

11.3 

263 

301 

27.6 

27.6 

18.5 

21.6 

288 

243 

27.1 

21.7 

16.0 
60min 

14.4 

283 

287 

7.3 

6.4 

4.8 

4.4 

248 

257 

2.5 

2.6 

2.8 

3.0 

197 

188 

14.1 

12.5 

8.7 

7.6 

305 

271 

11.7 

10.2 

9.1 

7.3 

334 

270 

13.6 

12.8 

10.5 

9.1 

279 

346 

17.1 

17.8 

12.5 

12.6 

269 

316 

'  Parts  per  million  on  fresh  weight  or  volume  basis. 

*The  predicted  values  for  fluoride  contents  were  derived  from  the  "*F  contents  of  the  plasma  and  tissue,  the  tota! 
'^  and  **F  body  contents  and  the  dose  of  fluoride  given  the  animals. 
'  Millignun  fluoride  ion  as  sodium  fluoride. 


TABLE  III.  Fluoride  Content  of  Muscle." 


Dosage^ 
4 

i 

3 

5 

Time  (min) 

ppm 

%Plasma'^ 

level 

ppm 

%P1 

lasma  level 

ppm 

%] 

Plasma  level 

10 

1 

5.1 

20.4 

6.8 

18.0 

9.0 

19.3 

2 

4.8 

20.7 

5.2 

22.7 

9.3 

17.4 

30 

1 

4.2 

27.8 

6.8 

28.7 

10.0 

36.2 

2 

4.2 

30.9 

7.6 

35.7 

lO.O 

36.9 

60 

1 

2.7 

37.0 

5.2 

36.9 

8.5 

62.5 

2 

0.7 

28.0 

5.2 

44.4 

9.5 

55.6 

"  Based  on  speciflc  activity  of  '*F  solution  injected  and  the  ^^F  content  of  muscle. 
^  Millignun/200  g  body  weight 
''  Determined  level. 


for  total  and  ionic  fluorine  concentration, 
respectively,  observed  for  individual  animals 
may  have  existed  prior  to  or  shortly  after  the 
lO  min  sampling  period  following  the  5  mg 
dose  of  fluoride.  A  large  excursion  in  fluoride 
content  of  body  fluids  could  produce  altera- 
tions in  metabolism  for  which  these  animals 
\^ere  not  able  to  fiilly  compensate  and,  as  a 
result,  death  occurred  within  60  min.  The  in 
vitro  activity  of  a  number  of  enzymes  has 


been  reported  to  be  reduced  to  one-half  oi 
less  by  concentrations  of  fluoride  between  0.2 
and  19  ppm  in  the  media  (7).  These  concen- 
trations are  considerably  higher  than  the 
ionic  fluoride  concentration  found  in  plasma 
and  soft  tissues  under  normal  circumstances 
(0.01-0.05  ppm)  but  in  some  instances  arc 
not  higher  than  the  levels  attained  after  the 
large  doses  of  fluoride.  De  Lopez  et  al  (2] 
used  young  animals  that  were  fasted  for  2< 
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hrs      4 

Time  of  Sacrifice 

Fig.  1.  Effect  of  acute  fluoride  toxicity  oo  plasma 
calcium  levels.  The  number  at  the  top  of  each  bar 
indicates  the  number  of  animals  in  the  mean  value.  The 
total  height  of  the  bar  indicates  the  total  plasma  calcium 
concentration  (mg  %)  and  the  horizontal  line  near  the 
center  of  the  bar  denotes  the  mean  concentration  of  ionic 
calcium  (mg  %).  The  number  in  the  clear  area  of  each 
bar  is  the  %  of  the  total  calcium  in  the  ionic  state. 

hr  before  being  given,  by  intubation,  higher 
fluoride  doses  (40-70  mg/kg)  than  those  em- 
ployed in  this  study  (15-25  mg/kg).  The 
method  of  administering  fluoride  w^  influ- 
ence the  level  of  fluoride  attained  in  the 
plasma.  Interperitoneal  administration  of  flu- 
oride results  in  a  rate  of  entrance  of  fluoride 
into  the  plasma  which  is  only  slightly  slower 
than  that  obtained  with  intravenous  admin- 
istration. Fluoride  given  by  intubation  is  ev- 
idently absorbed  more  slowly  since  lower 
peak  plasma  concentrations  (10  ppm)  were 
observed  in  De  Lopez's  study  than  in  the 
present  study.  De  Lopez  et  al.y  however,  re- 
ported plasma  fluoride  levels  of  approxi- 
mately 4  ppm  12  hr  after  the  administration 
of  the  dose,  whereas  in  this  study,  levels  of 
less  than  2  ppm  were  observed  within  4  hr.  It 
is  possible  that  a  plasma  fluoride  level  of  4-10 
ppm  for  a  12-hr  period  is  more  toxic  than 
higher  levels  for  a  considerably  shorter  period 
of  time.  There  is  little,  if  anything,  known  as 
to  the  in  vivo  effects  of  large  increments  in 
fluoride  ion  concentration  on  enzymatic  ac- 
tivity. Numerous  changes  in  the  concentra- 
tions of  glycolytic  and  citric  acid  cycle  inter- 
mediates in  the  liver  of  intact  rats  given  acute 


doses  of  fluoride  have  been  reported.  There 
was  no  indication  of  enzyme  inhibition  in  the 
kidney  (8).  With  the  exception  of  an  increase 
in  citrate  levels  in  soft  tissues,  the  changes 
were  shown  to  be  secondary  to  a  primary 
effect  of  dietary  fluoride  on  the  amount  and 
pattern  of  food  intake  (9).  Recently,  Ferguson 
reported  that  10  ppm  of  fluoride  provided  in 
the  drinking  water  for  12  weeks  resulted  in  a 
decrease  in  serum  alkaline  phosphatase  activ- 
ity in  rats,  but  no  change  in  the  activity  of 
this  enzyme  in  the  liver  or  intestinal  tissue 
(10).  Acid  phosphatase,  glutamic  oxaloacetic 
transaminase,  glutamic  pyruvic  transaminase 
and  leucine  aminopeptidase  activities  in  se- 
rum, liver,  kidney  or  intestine  were  not  influ- 
enced by  this  level  of  fluoride  intake.  In  a 
similar  study  with  rabbits  little  change,  if  any, 
in  enzyme  activities  was  noted  (11). 

To  test  the  possibility  that  food  residues  in 
the  intestinal  tract  and  stomach  might  act  as 
a  significant  compartment  for  distribution  of 
the  fluoride  administered  intraperitoneally,  a 
group  of  animals  not  fed  for  16-18  hr  prior 
to  experimentation  were  given  the  fluoride 
doses  labeled  with  radiofluoride.  The  quan- 
tity of  administered  radiofluoride  found  in 
the  combined  contents  of  the  stomach  and 
intestinal  tract  of  fed  animals,  which  can  be 
considered  to  contain  a  pool  of  inert  fluoride, 
was  small  (less  than  2.5%  of  the  dose).  It  was 
therefore,  concluded  that  the  contents  of  the 
gastrointestinal  tract  was  not  an  important 
factor  acting  to  sequester  fluoride  adminis- 
tered intraperitoneally. 

Within  10  min  after  the  animals  were  given 
fluoride  the  total  calcium  level  in  the  plasma 
was  depressed  in  all  dosage  groups,  although 
the  %  of  the  total  calcium  in  the  ionic  form 
remained  normal  (Fig.  1).  At  60  min  a  further 
reduction  in  total  calcium  in  plasma  was 
observed  with  all  animals,  but  by  four  hr  the 
trend  was  reversed  for  the  animals  dosed  with 
3  and  4  mg  (15  and  20  mg/kg  body  weight) 
and  calcium  levels  had  risen  considerably  and 
plateaued  at  a  level  slightly  below  the  normal 
concentration  for  untreated  animals  (10  mg 
%).  The  animals  receiving  S  mg  of  fluoride 
did  not  survive  for  longer  periods  of  time. 
The  ionic  calcium  levels  were  severely  de- 
pressed by  60  min.  These  results  for  the  first 
60  min  are  similar  to  the  observations  of 
Fujimoto  and  Okuda  (3)  who  found  that 
rabbits  given  a  large  orai  dose  of  fluoride 
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ig/kg  body  weight)  had  a  slight  de- 
in  plasma  calcium  levels  after  3  hr 
was  still  apparent  21  hr  later.  In  their 
animals  receiving  25  mg  of  fluoride 
exhibited  an  immediate  sharp  decrease 
ma  calcium  concentration  of  approxi- 
2S%  by  one  hr  which  was  followed  by 
progressive  decrease  for  the  remainder 
^4-hr  period  to  reach  a  level  30%  lower 
ormal.  In  the  present  study,  however, 
mals  receiving  3  or  4  mg  ( 1 5-20  mg/kg 
weight)  showed  good  recovery  by  4  hr. 
total  and  ionic  plasma  calcium  con- 
ions  found  30  and  60  min  following 
se  would  not  seem  to  be  compatible 
fe  and  normal  neuromuscular  activity 
basis  of  accepted  concepts.  Neverthe- 
I  the  animals  given  3  or  4  mg  fluoride 
d  these  circumstances.  Surprisingly, 
s  receiving  5  mg  of  fluoride  exhibited 
total  and  ionic  calcium  levels  in  their 
at  one  hr  than  the  animals  given  4  mg 
iride.  A  possible  explanation  for  the 
at  animals  receiving  4  mg  of  fluoride 
ble  to  survive  and  rebound  from  their 
y  and  altered  calcium  status  is  that 
cneral  metabolism  was  so  severely  af- 
but  not  irreversibly,  that  their  life 
;es  were  operating  at  a  minimal  rate, 
such  circumstances,  energy  production 
iiscle  contraction  would  be  greatly  re- 
and  obvious  tetany  would  not  be  ob- 
Tetany  was  not  observed  in  this  study, 
itrast,  the  animals  that  received  5  mg 
ride  had  proceeded  past  the  point  of 
bility  and  were  so  severely  poisoned 
5  soon  ceased.  The  inhibition  of  critical 
5  system(s)  may  have  been  responsible 
th,  but  this,  like  the  explanation  above, 
a  speculation. 

-e  was  good  agreement  in  the  predicted 
Iculated)  and  determined  total  fluoride 
in  all  tissues  taken  from  the  animals 
-adiofluoride  with  the  possible  excep- 
the  concentration  found  in  the  humeri 
tin  (Table  II).  Undoubtedly,  the  agree- 
etween  the  results  for  fluoride  contents 
xl  by  the  two  procedures  is  influenced 
fact  that  the  fluoride  contents  were 
uch  elevated  over  the  normal  concen- 
i  and  any  bound  or  nonexchangeable 
:  was  a  relatively  small  part  of  the 
lorine  content  of  the  tissues.  To  some 
this  concordance  of  results  lends  con- 


fidence to  the  reliability  of  the  analytical 
procedures  applied  to  plasma  and  tissue  con- 
taining high  fluoride  levels.  These  data  indi- 
cate that  a  rapid  equilibrium  of  fluoride  be- 
tween these  tissues  and  the  plasma  occurred 
within  10  min  after  a  large  dose  of  fluoride 
was  given  intraperitoneally.  This  would  im- 
ply that  essentially  all  of  the  fluoride  of  bone 
had  exchanged  in  a  short  period  of  time. 

In  the  animals  receiving  the  radiofluoride 
the  highest  concentrations  of  fluoride  in 
plasma  were  attained  by  30  min,  and  possibly 
as  early  as  10  min,  and  then  decreased  rapidly 
with  time.  This  was  not  the  time  sequence  for 
tendon,  muscle  or  bone.  The  fluoride  in  ten- 
don appeared  to  be  high  for  at  least  30  min 
and  then  decreased  rapidly  in  the  next  30 
min,  whereas  the  fluoride  content  of  humeri 
and  muscle  peaked  by  30  min  and  did  not 
show  any  loss  at  60  min. 

Based  on  the  specific  activity  of  the  injected 
fluoride  solution,  the  concentration  of  fluo- 
ride in  the  entire  body  prior  to  receiving  the 
dose  and  the  amount  of  radioactivity  in  the 
muscle,  the  fluoride  concentration  in  muscle 
10  min  after  animals  were  given  3,  4  or  5  mg 
of  fluoride  was  equal  to  approximately  20% 
of  the  fluoride  concentration  in  plasma  and 
was  near  the  maximum  level  observed  at  the 
60  min  experimental  period.  By  30  min  the 
concentration  in  the  muscle  was  30-35%  of 
that  in  plasma.  There  was  little  change  in  this 
relation  at  60  min  for  those  animals  receiving 
3  or  4  mg  of  fluoride.  However,  those  animals 
given  the  5  mg  dose  had  reached  a  concen- 
tration in  muscle  of  approximately  50%  of  the 
fluoride  level  in  plasma  by  60  min.  The  mus- 
cle obviously  attained  a  high  fluoride  concen- 
tration (7  and  9  ppm)  by  10  min  which  was 
maintained  for  at  least  60  min  by  those  ani- 
mals receiving  4  or  5  mg  of  fluoride  respec- 
tively, whereas  those  animals  receiving  3  mg 
of  fluoride  exhibited  a  sharp  decline  in  con- 
centration between  30  and  60  min  from  a 
maximum  concentration  of  5  ppm  attained 
by  10  min. 

Summary.  Young  male  rats  (^200  g)  were 
employed  to  study  the  distribution  of  paren- 
terally  administered  inert  and  radiolabeled 
fluoride.  Animals  receiving  25  mg  of  fluo- 
ride Ag  body  weight  did  not  live  longer  than 
one  hr  and  Uie  plasma  fluoride  level  reached 
a  concentration  of  48  ±  2.1  ppm.  Other  ani- 
mals receiving  IS  or  20  mg  of  fluoride Ag 
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had  plasma  fluoride  levels  greater  than  30 
ppm  10  min  after  the  dose  but  returned  to 
preexperimental  levels  (--0. 10  ppm)  by  24  hr. 
Total  and  ionic  calcium  levels  in  plasma  were 
severely  depressed  in  all  animals  following 
the  fluoride  administrations.  The  calcium  lev- 
els at  30  and  60  min  did  not  seem  compatible 
with  life  although  animals  receiving  20  mg  or 
less  of  fluoride/kg  survived  24  hr.  Radi- 
ofluoride  concentrations  in  plasma,  muscle, 
tendon,  bone  and  gastrointestinal  tract  indi- 
cated the  relative  distribution  and  retention 
of  the  dose  as  well  as  the  fluoride  concentra- 
tion at  10,  30,  and  60  min  after  the  dose  was 
given.  Muscle  fluoride  levels  at  all  dose  levels 
were  5-9  ppm  after  10  min.  These  levels 
rapidly  decreased  in  animals  receiving  15 
mg/kg  but  remained  relatively  constant  for 
the  other  animals. 
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itly,  an  experimental  model  of  em- 
I  induced  by  elastase  has  been  exten- 
udied  (1-4).  In  the  elastase  model  of 
ental  emphysema,  a  single  injection 
se  caused  diffuse  destruction  of  lung 
il  components  and  led  to  a  lung  mor- 

which  resembled  human  panlobular 
;ma.  It  has  been  observed  in  this 
hat  the  elastin  content  of  the  lung 
d  shortly  after  the  elastase  instillation 
lually  returned  to  a  nearly  normal 
ithin  60  days  (5).  The  possibility  of 
icement  of  this  connective  tissue  fiber 

elastase-injury  by  active  synthesis  of 
las  been  indicated  (5).  This  report 
s  further  studies  of  elastin  synthesis 
Qgs  of  hamsters  with  elastase-induced 
;ma. 

re  elastin  has  been  considered  a  bio- 
'  stable  and  metabolically  inert  sub- 
5).  For  example,  in  aortic  tissues  of 
rats.  Slack  (7),  Kao  et  al  (8)  and 

et  al  (9)  showed  that  elastin  has  no 
imover.  Previous  work  in  our  labo- 
as  shown  that  elastin  in  lung  tissue  is 
rt,  with  little  or  no  synthetic  activity 
rotein  in  the  mature  lungs  of  normal 
5  (Yu,  S.Y.  and  Keller,  N.R.,  unpub- 
ata).  Therefore,  in  mature  hamsters, 
cult  to  label  in  vivo  with  a  radioactive 
>r  by  the  conventional  technique  for 
;  the  metabolism  of  elastin. 
allowing  three  procedures  were  used 
tudies  of  elastin  synthesis, 
tie  synthetic  activity  of  lung  elastin 
isured  by  comparing  rates  of  incor- 
i  of  [^^CJ-L-proline  into  elastin  be- 
tie  experimental  and  control  lungs. 
rj-L-proline  was  administered  by  a 
*  injections  which  followed  the  elas- 

ig  address  for  Shiu  Yeh  Yu:  Veterans  Admin- 
{ospital,  Jefferson  Barracks,  St.  Louis,  MO 


tase-instillation.  (b)  The  synthetic  activity  of 
lung  elastin  was  also  studied  in  hamsters 
which  had  been  labeled  with  a  series  of  injec- 
tions of  pHJ-L-proline  during  a  rapid  growth 
period  and  subsequently  injected  with  elas- 
tase 3  months  after  the  labeling,  (c)  Finally, 
since  desmosines  in  elastin  are  characteristic 
amino  acids  and  only  found  in  fully  cross- 
linked  elastin,  the  rate  of  incorporation  of 
[^^C]-L-lysine  into  desmosines  found  in  lung 
extracts  from  the  experimental  and  control 
group  was  compared. 

Materials  and  methods.  Incorporation  of 
^^CJ'L'proline  into  lung  elastin,  AH  hamsters 
used  in  the  experiments  were  obtained  from 
Engle  Laboratory  Inc.,  Farmersberg,  IN. 

Experimental  emphysema  was  developed 
in  mature  male  hamsters,  weighing  115-120 
g  each,  by  an  intratracheal  instillation  of  0.3 
ml  of  saline  solution  containing  0.25  mg  or 
25  Sachar's  units  of  porcine  pancreatic  elas- 
tase (2).  For  controls,  the  animals  were  in- 
stilled with  0.3  ml  of  saline  solution.  Three 
days  after  the  instillation  of  elastase,  all  ham- 
sters, 25  controls  and  21  experimental,  re- 
ceived a  series  of  14  intraperitoneal  injections 
of  ["CJ-L-proline,  at  intervals  of  12  hrs;  each 
dose  containing  0.2  ml  of  0.9%  NaCl  solution 
and  4  fiCi  of  uniformly  labeled  [^^CJ-L-pro- 
line,  SpA  225  Ci  per  mole  (New  England 
Nuclear). 

Preparation  of  insoluble  elastin.  Lungs  were 
pooled  respectively,  homogenized  with  100 
vol  of  cold  0.9%  NaCl,  and  then  the  insoluble 
residues  were  extracted  in  polyethylene  plas- 
tic centrifuge  tubes  successively  with  the  fol- 
lowing solutions:  0. 16  M  NaCl  solution  at  4"*, 
5X;  5  A/  of  guanidine  HCl,  0.1  M  Tris  pH 
7.4,  at  27°,  2X;  5  A/  of  guanidine  HCl,  0.1 
M  Tris,  50  mA/  dithiothreitol  and  0.1  M 
EDTA  pH  7.4,  at  27°,  2x  (10);  water,  3x; 
autoclaving  at  15  lb  for  4  hr,  2x;  acetone,  3x; 
and  ether,  2x.  The  insoluble  residue  was 
treated  with  0.1  M  NaOH  at  98°  for  45  min. 
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The  extracted  residue  (elastin)  was  washed 
several  times  with  water,  finally  resuspended 
in  water,  lyophilized,  and  weighed.  Dry  elas- 
tin, 3-5  mg,  was  weighed  on  a  filter  paper 
and  combusted  in  a  Packard's  Sample  Oxi- 
dizer Model  306.  Radioactivity  was  counted 
with  a  liquid  scintillation  counter,  and  ex- 
pressed as  specific  activity. 

Prelabelling  Hamsters  with  ^HJ-l- Proline. 
Young  male  hamsters,  litter  mates,  initially 
weighing  54  ±  5  g  each,  were  chronically 
labelled  with  a  series  of  intraperitoneal  injec- 
tions, one  dose  daily  of  0.1  nil  saline  contain- 
ing 2.8  jLiCi  of  [^Hl-3,4-L-proline  (33.5 
Ci/mmole,  New  England  Nuclear),  and  the 
injections  were  repeated  22x.  By  the  end  of 
the  labelling  the  animals  weighed  88  ±  7  g 
and  then  were  kept  until  body  weight  reached 
117  g,  which  was  approximately  3  months 
after  the  labelling.  The  solutions  of  elastase 
or  saline  were  intratracheally  instilled  in  the 
prelabelled  hamsters,  and  lung  elastin  was 
prepared  and  radioactivity  was  measured  as 
described  previously  (see  above). 

Incorporation  of  P^CJ-L-lysine  into  desmo- 
sines.  Mature  male  hamsters,  18  of  the  elas- 
tase-instilled  and  11  controls,  were  used. 
Three  days  after  the  elastase-instillation  each 
animal  received  a  series  of  30  intraperitoneal 
injections,  at  12-hr  intervals,  each  dose  con- 
taining 0.2  ml  of  saline  and  1.1  jnCi  of  uni- 
formly labeled  [^^CJ-L-lysine,  279  mCi/ 
mmole  (New  England  Nuclear).  The  animals 
were  sacrificed  18  days  after  the  elastase-in- 
stillation. Lungs  were  pooled  into  control  and 
experimental  groups  and  extracted  as  de- 
scribed previously  (see  above),  and  the  ''au- 
toclave" residue  was  obtained.  The  ''auto- 
clave" residue  was  hydrolyzed  with  6  N  HCl, 
and  desmosines  isolated.  Desmosines  in  the 
hydrolyzate  were  separated  by  a  preparative 
column  of  Aminex  A-5  resin,  1.5  x  IS.S  cm 
(Bio-Rad  Lab),  at  SO"",  by  eluting  with  0.15 
M  pH  4.5  pyridine-acetate  buffer  and  0.3  M 
pyridine  (11).  The  corresponding  fractions  of 
isodesmosine  and  desmosine  were  collected, 
pooled,  and  the  solvents  evaporated.  Each 
compound  was  further  separated  by  an  ana- 
lytical column  0.9  X  13  cm  with  Beckman 
PA-35  resin  and  eluted  at  a  flow  rate  of  68 
ml/hr  with  sodium  citrate  bufTers  under  the 
following  conditions;  at  55'',  0.2  N,  pH  4.35 
for  30  min,  0.2  Ny  pH  4.50  for  40  min  and 


0.38  N,  pH  4.50  for  60  min.  The  fractions 
were  collected,  and  aliquots  of  the  appropri- 
ate fractions  were  used  for  determination  of 
the  amount  of  desmosines  in  the  analytical 
colunm.  A  second  aliquot  was  used  for  count- 
ing radioactivity  by  a  liquid  scintillation 
counter. 

The  elastase-instillation  produced  a  disten- 
sion of  normal  lung  structure,  which  has  been 
studied  using  the  mean  linear  intercept 
method  to  quantify  this  dilation  (2)  (12).  The 
present  study  yielded  a  similar  change  in  the 
gross  morphology  of  lungs  of  the  elastase- 
instilled  hamsters. 

Results,  Post-elastase  labelling,  Elastin  syn- 
thesis, studied  by  the  incorporation  of  ["C]- 
L-proline  in  which  the  isotope  was  adminis- 
tered after  the  elastase-instillation,  showed 
that  the  specific  activity  of  elastin  in  the  lungs 
of  the  elastase-instilled  groups  increased  8-14 
fold  over  those  of  the  respective  control  (Ta- 
ble I).  Within  the  experimental  group,  there 
was  a  reduction  of  the  specific  activity  in  lung 
elastin  of  day  30  compared  to  that  of  day  18 
which  presumably  was  a  result  of  the  dUution 
of  the  radioactive  elastin  by  nonradioactive 
elastin  synthesized  during  the  period  of  days 
18  and  30.  These  data  suggested  that  elastin 
synthesis  was  active,  not  only  in  the  period  3 
to  18  days  after  the  elastase-instillation  bul 
also  during  the  period  18  to  30  days. 

Preelastase  labelling.  Elastin  synthesis, 
studied  in  the  prelabelled  hamsters,  showed 
that  the  specific  activities  of  lung  elastin  were 
lower  in  the  elastase-instilled  groups  as  com- 
pared to  those  of  controls  (Table  II).  Sina 

TABLE  1.  Incorporation  of  ("^-Proline  into 

Lung  Elastin  of  Control  and  Elastase- 

Instilled  Hamsters.* 

SpAct  Rale  of 
P*C1                           inooipo- 
dpim/ms      Average       ration 

Control  day  18 
Control  day  30 
Elastase  day  18 
Elastase  day  30 

"  Hamsters  were  intratracheally  instilled  with  the  elas- 
tase, and  then  a  series  of  (*^C]-L-proline  injections  was 
carried  out.  Control  groups  at  days  18  and  30  contained 
15  and  10  hamsters  respectively,  while  the  elastase-in- 
stilled groups  contained  1 1  and  10  hamsters. 

^  Each  experiment  was  based  on  at  least  two  deter- 
minations of  the  radioactivity,  and  the  average  was 
obtained. 


165* 

1 

208* 

X-  187 

1 

2552* 

14 

1429* 

8 
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i  II.  Specific  Activities  of  Lung  Elastin 
s4  Prelabeled  Hamsters,  Control  and 
Elastase-Instilled." 


Sp  Act  *H 
dpm/mg 


'de- 


day  18  640  ±  48* 

day  30  662  ±  50* 

day  18  S61  ±  62* 

day  30  429  ±  62* 


NS 
P<0,05 


14% 
34% 


isters  were  prelabeled  with  [^H]-L-proline  during 
growth  period  and  then  3  months  after  the 
instilled  with  the  elastase  intratracheally.  The 
were  sacrificed  18  and  30  days  after  the  elastase, 
control  groups  containing  five  animals  and  the 
mtal  groups  containing  four  animals, 
n  ±  SEM.  The  data  were  compiled  from  three 
mts. 

ipared  with  the  corresponding  control;  NS,  not 
nt. 
Ipared  with  the  average  of  control  day  18  and 


;-nonnal  lung  showed  no  active  syn- 
of  elastin,  a  decrease  in  the  speofic 
f  of  the  prelabelled  elastin  by  incor- 
>n  of  non-radioactive  elastin  after  the 
e-instillation  indicated  the  synthetic 
f  of  elastin.  This  decrease  in  the  spe- 
^vity  after  the  elastase-instillation  was 
ed  in  lung  elastin  of  day  30  (P  <  0.05). 
f'L'lysine  incorporation  into  desmosines, 
igh  the  insoluble  elastin  as  prepared 
i  the  characteristic  amino  acid  com- 
•n  with  no  evidence  of  possible  contam- 
I  by  other  impurities  (5),  this  method 
1  subjected  to  criticism  since  the  elastin 
ed  is  the  insoluble  residue  after  the 
»tive  extractions  which  include  hot  0.1 
)H.  Thus  the  possibility  of  losing  elas- 
this  treatment  or  of  contamination  by 
insoluble  materials  might  remain,  es- 
y  in  the  case  of  extracting  tissues  of 
xl,  aged  or  extremely  young  animals, 
^er,  studies  using  desmosines,  which 
dno  acids  exclusively  found  in  mature- 
Ue  elastin,  should  nevertheless  provide 
ight  into  the  metabolism  of  insoluble 
.  The  result  of  the  incorporation  of 
-lysine  into  desmosines  is  presented  in 
III.  The  specific  activities  of  desmo- 
isolatcd  from  the  lung  fi-actions  ob- 
from  the  elastase-instilled  hamsters 
igher  than  those  of  the  corresponding 
Is,  3600  and  3800  dpm  per  jLimole  of 
nosine  and  desmosine,  vs  309  and  190 
f  isodesmosine  and  desmosine,  for  the 


experimental  and  control,  respectively. 

Discussion,  In  lungs  of  the  hamsters  with 
elastase-induced  emphysema,  there  was  a  de- 
crease in  the  amount  of  elastin  shortly  after 
the  injection  of  elastase,  presumably  resulting 
from  proteolysis  by  the  enzyme  (Table  IV); 
thereafter,  the  amount  of  elastin  per  lung  rose 
and  then  became  stable  within  18  days  after 
the  elastase-injection.  In  addition  to  this  ac- 
tive elastin  synthesis  in  lungs  of  the  elastase- 
instilled  hamsters,  the  accelerated  turnover  of 
elastin  persisted  beyond  the  point  of  the  res- 
toration of  nearly-normal  amounts  of  elastin. 

This  activation  of  elastin  synthesis  after 
lung  injury  by  elastase  was  accompanied  by 
simultaneous  collagen  synthesis  (13),  there- 
fore we  believe  that  this  activation  of  mes- 
enchymal tissue  resulted  from  a  tissue  re- 
sponse to  the  specific  injury  to  the  lung.  The 
synthesis  of  elastin  which  was  observed  in 
hamster  lungs  after  the  elastase-instillation  is 


TABLE  III.  Incorporation  of  (**C)-l-Lysine  into 

Desmosines  in  Autoclave  Residues  of  Hamster 

Lungs,  Control  and  Elastase-Instilled." 


No.  of 
lungs 


Isodesmosine^ 
dpm//imole 


Desmosine^ 
dpm//imole 


Control 
Elastase 


11 
18 


309 
3808 


190 
3636 


"  Hamsters  were  intratracheally  instilled  with  the  elas- 
tase solution  and  then  a  series  of  ('^C]-L-lysine  injections 
was  carried  out.  The  animals  were  sacrificed  18  days 
after  the  elastase-instillation,  and  then  the  lungs  were 
pooled.  The  autoclave  residues  were  prepared  after  a 
series  of  extractions  with  solutions  of  NaCl, 
guanidine  •  HCl  and  autoclaving. 

^  Desmosines  were  obtained  from  hydrolysates  of  au- 
toclave residues  of  hamster  lungs  after  purification  on 
ion  exchange  columns.  The  amount  of  desmosines  were 
estimated  by  the  ninhydrin  reaction  using  lysine  as  the 
standard. 


TABLE  IV.  Elastin  and  Total  Desmosines  in 

Hamster  Lungs  of  Control  and  Elastase- 

Instilled. 


Days  after     Desmosines       Elastin'' 
Injection"     /miole/lung      mg/lung 


Control 
Elastase 


3(2) 

3(2) 

18(2) 

30(2) 


0.251 
0.092 
0.221 
0.245 


2.1 
0.8 
1.8 
1.9 


'  Numbers  in  parentheses  indicate  number  of  animals 
used. 

*'  The  estimation  was  based  on  the  concentrations  of 
0.070  /imole  desmosine  and  0.055  /imole  isodesmosine 
per  mg  elastin. 
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seemingly  a  reparative  process  in  response  to 
the  elastase-injury. 

Kuhn  and  Tavassoli  (14)  observed  from 
morphological  evidence  that  the  rearrange- 
ment of  the  lung  structure  had  been  contin- 
uing up  to  2  months  after  the  elastase-instil- 
lation  in  similar  experiments.  This  suggests 
the  possibility  that  the  synthesis  and  degra- 
dation of  elastin  might  be  activated  and  per- 
sisted for  a  long  time  in  these  lungs.  There  is 
some  evidence  from  our  data  (Table  II)  which 
suggested  that  the  synthetic  activity  in  lungs 
remained  elevated  even  18  days  after  the 
elastase-instillation,  although  it  is  not  certain 
whether  the  elastin  synthesis  continues  be- 
yond one  month  after  the  elastase-instillation. 
If  the  synthesis  of  elastin  were  continuing  in 
lungs  of  the  hamsters  with  elastase-induced 
emphysema,  the  degradation  of  elastin  might 
have  occurred  to  balance  out  the  increase. 

The  insoluble  elastin,  prepared  by  the  pres- 
ent method,  probably  was  "pure"  lung  elastin 
and  contained  little  or  no  contaminating  sub- 
stances such  as  tropoelastin  ( 1 5)  or  microfibril 
(10).  The  presence  of  the  latter  compound 
was  negligible  because  the  elastin  prepared 
contained  no  significant  amount  of  polar 
amino  acids.  However,  despite  the  anatomi- 
cally distinguishable  appearance  of  lung  elas- 
tic fibers  in  the  elastase-instilled  hamsters  (5) 
(12),  our  studies  failed  to  show  any  significant 
change  in  the  amino  acid  composition  of  lung 
elastin  obtained  from  hamsters  4  months  after 
the  elastase-instillation.  This  might  be  due  to 
the  hot  alkaline  treatment /7er  se  since  Sand- 
berg  pointed  out  that  elastin  prepared  from 
different  tissues  and  species  by  this  method 
showed  similar  amino  acid  composition  be- 
cause the  hydrolytic  nature  of  the  reagent 
reduced  elastic  fiber  to  a  common  composi- 
tion (16).  Therefore,  the  possibility  of  the 
presence  of  a  different  elastic  tissue  in  the 
emphysematous  lungs  might  still  remain. 

In  the  lung,  elastin  occurs  in  airways,  vas- 
cular trees,  alveolar  septa,  and  pleura.  It  is, 
however,  impossible  to  identify  the  exact  site 
of  the  synthesis  by  the  present  method,  de- 
spite the  demonstration  of  elastin  synthesis  in 
lungs  of  the  hamsters  with  elastase-induced 
emphysema.  By  morphological  observations 
(12)  (17),  the  site  of  the  elastase-injury  was 
observed  more  frequently  in  perivascular 
areas,  alveolar  septa,  and  pleura;  however, 


discrete  and  fibrillar  elastic  fibers  were  often 
found  in  alveolous  septa,  and  a  spongelike 
elastic  structure  was  seen  in  peripheral  areas 
of  the  elastic  lamella  under  the  mesothelial 
plane.  Although  these  elastic  fibers  were  ob- 
served only  in  lungs  of  hamsters  with  the 
elastase-induced  emphysema,  it  is  not  known 
whether  these  fibers  are  some  of  the  degra- 
dated  products  resulting  from  the  elastase- 
instillation  or  newly  synthesized  fibers. 

Following  an  injury,  the  normal  tissue  re- 
sponse is  to  repair  by  synthesizing  collage- 
nous fibers  but  not  elastic  fibers.  The  reason 
for  the  synthesis  of  both  elastic  and  collage- 
nous fibers  in  the  emphysematous  lungs  is 
not  known,  although  a  similar  situation  was 
also  observed  in  cultured  aortic  cells  which 
formed  both  collagen  and  elastin  (18-20). 

Summary,  The  synthesis  of  elastin  in  vivo 
in  normal-mature  animals  is  difficult  to  dem- 
onstrate because  of  a  very  slow  turnover  of 
this  protein.  Thus  most  of  the  studies  of  elas- 
tin synthesis  have  been  limited  to  aortic  tissue 
cultures  or  in  in  vivo  young  animals.  Our  data 
indicate  that  the  lung,  upon  elastase-injury, 
synthesized  elastin  at  demonstratively  faster 
rates  than  normal.  However,  the  mechanism 
by  which  the  activation  of  elastin  synthesis 
occurs  in  the  emphysematous  lungs  remains 
for  further  study. 

Supported  by  the  Medical  Research  Service  of  the 
Veterans  Administration  and  Grant  No.  HL16II8  from 
the  National  Heart  and  Lung  Institute.  We  wish  to 
express  our  thanks  to  Ms.  Sharon  Musielak  for  her 
technical  assistance  in  working  on  this  project. 
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Recently,  we  reported  that  14-day-old 
suckling  rat  pups  exhibit  high  levels  of  cir- 
culating immunoreactive  calcitonin  (CT)  (1). 
In  normocalcemic  pups  suckling  ad  lib.,  se- 
rum CT  levels  as  high  as  4000-5000  pg/ml 
were  observed.  If  the  babies  were  fasted  12 
hr  or  longer,  serum  CT  fell  to  <  150  pg/ml. 
When  babies  fasted  for  12  hr  were  allowed  to 
suckle  again,  both  serum  calcium  and  serum 
CT  rose  at  30  and  60  min;  by  90  min  serum 
calcium  had  returned  to  normal  but  serum 
CT  remained  high  (1). 

Because  serum  CT  was  high  in  normocal- 
cemic suckling  baby  rats,  we  hypothesized 
that,  in  addition  to  a  rise  in  blood  calcium, 
some  gastrointestinal  factor  might  be  in- 
volved in  stimulating  the  baby  rat  to  secrete 
CT  during  ingestion  and  absorption  of  milk 
(1).  As  a  first  approach  to  testing  this  hypoth- 
esis, we  decided  to  orally  administer  a  cal- 
cium-free solution  of  glucose  to  rat  pups  and 
see  whether  or  not  increased  CT  release  oc- 
curred. Under  these  conditions,  any  increase 
in  CT  could  not  be  secondary  to  a  rise  in 
serum  calcium  during  absorption  of  calcium 
from  the  gut. 

Materials  and  methods.  Animals,  Female 
Zivic-MiUer  rats  (Zivic-Miller  Co.,  Allison 
Park,  PA),  with  litters  of  eight  to  ten  pups 
each  were  received  in  the  laboratory  when 
the  babies  were  6  days  old.  Experiments  were 
performed  when  the  babies  were  15  days  old. 

Procedures  and  analyses.  All  babies  were 
separated  from  the  mother  13-16  hr  (over- 
night) before  each  experiment.  Half  of  the 
babies  in  each  litter  were  assigned  to  different 
treatment  groups.  Babies  given  glucose  were 
administered  1.5  ml  isotonic  (5%  w/v)  glucose 

'Supported  by  U.S.P.H.S.  Grants  Nos.  AM- 10558 
and  AM- 17743  from  the  National  Institute  of  Arthritis, 
Metabolism  and  Digestive  Diseases. 

'  Presented  in  part  at  the  Sixth  Parathyroid  Confer- 
ence, University  of  British  Columbia,  Vancouver,  Can- 
ada, June  14,  1977  (AbsU-acts,  p.  78). 


in  distilled  water.  Control  babies  received 
either  no  solution  or  1.5  ml  isotonic  (0.9% 
w/v)  NaCl.  Solutions  were  delivered  directly 
into  the  stomach  by  gavage  using  a  marked 
length  of  Intramedic  polyethylene  tubing 
(PE50,  inner  diameter  0.023  in.)  atUched  to 
a  syringe.  Babies  were  lightly  anesthetized 
with  ether  during  the  gavage  procedure. 

Thyroparathyroidectomy  was  performed 
by  blunt  dissection  under  ether  anesthesia. 
Sham  operation  involved  simply  exposure  of 
the  thyroparathyroid  complex. 

At  the  desired  time  interval  after  treatment, 
blood  was  obtained  from  each  baby  under 
ether  anesthesia.  In  selected  experiments  the 
tip  of  the  tail  was  severed  and  blood  was 
collected  in  a  heparinized  microhematocrit 
tube.  After  centrifugation  of  the  tubes  for  2 
min  in  a  Model  MB  microhematocrit  centri- 
fuge (International  Equipment  Co.,  Need- 
ham  Heights,  MA),  hematocrit  values  were 
read  using  a  Model  CR  microhematocrit  tube 
reader  (International  Equipment  Co.). 

Blood  also  was  obtained  from  each  baby 
by  cardiac  puncture  using  a  27  gauge,  V^  in. 
needle.  Serum  was  collected  by  centrifugation 
within  1  hr  of  blood  collection,  and  each 
sample  was  subdivided,  one  portion  being 
analyzed  freshly  for  serum  calcium  and  in- 
organic phosphorus  and  the  other  being 
stored  at  -20""  until  subjected  to  radioim- 
munoassay. Both  calcium  (2)  and  inorganic 
phosphorus  (3)  were  analyzed  by  automated 
procedures  using  an  Autoanalyzer  (Techni- 
con,  Inc.). 

CT  in  serum  samples  was  measured  by 
radioimmunoassay  using  an  homologous  sys- 
tem for  rat  CT.  The  procedure  £is  been 
described  earlier  in  detail  and  both  intra-  and 
interassay  variations  have  been  reported 
(4-6). 

Glucose  in  serum  was  analyzed  using  a 
colorimetric  procedure  (7). 

Statistical  analyses.  For  serum  caldum, 
phosphorus,  glucose  and  hematocrit,  data 
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fix)m  individual  experiments  were  subjected 
to  analysis  of  variance  (8),  and  standard  er- 
rors were  calculated  from  the  residual  error 
term  of  the  appropriate  analysis.  Significance 
of  differences  between  groups  was  deter- 
mined using  either  the  F  test  or  the  multiple 
comparisons  test  of  Hartley  (8). 

In  one  experiment  where  all  values  for  CT 
were  detectable  (Fig.  3),  data  were  subjected 
to  analysis  of  variance  and  comparisons  made 
as  just  described.  In  other  experiments  where 
some  values  for  CT  were  below  the  limits  of 
detectability  of  the  immunoassay  (Fig.  2) 
mean  values  could  not  be  calculated.  There- 
fore, individual  values  are  shown  and  the 
significance  of  differences  between  groups 
was  evaluated  using  the  nonparametric  test 
ofWilcoxon(8). 

In  Table  I  and  Figs.  1  and  2,  results  of 
identical  experiments  conducted  on  separate 
days  were  combined  because  the  variances 
were  homogeneous  and  statistical  analyses 
showed  that  the  results  were  not  significantly 
different. 

Results.  Figure  1  and  Table  I  (Groups  A 
and  B)  summarize  the  combined  results  of  six 
separate  experiments  which  showed  that  l.S 
ml  of  S%  glucose  given  orally  by  gavage  to 
thyroid-intact  baby  rats  produced  a  signifi- 
cant fall  in  serum  calcium  60  min  later.  The 
fall  in  serum  calcium  was  accompanied  by  a 
fall  in  serum  phosphorus  as  well  (Fig.  1).  No 
decrease  in  either  serum  calcium  or  serum 
phosphorus  occurred  when  the  same  volume 

TABLE  I.  Effect  of  Oral  Glucose  on  Serum 

Calcium  in  Acutely  Thyroidectomized  and 

Sham  Operated  Baby  Rats. 

Senim  Ca 
Treatment  No.       (mg/dl)  P* 

A.  SHAM  +  NaClp.o.      15       10.2  ±0.12 

B.  SHAM  +  Glucose      14        9.5  ±0.13 

p.o. 

C.  TPTX  +  NaCl  p.o.      14        9.8  ±0.13 

N.S. 
(>0.1) 

D.  TPTX   +   Glucose      13        9.3  ±0.14 

PO- 

'  Baby  rats,  15-days  old,  were  fasted  overnight  before 
surgery  (see  Methods).  Immediately  after  surgery  (sham 
op.  or  thyroidectomy  by  thyroparathyroidectomy),  ba- 
bies were  given  1.5  ml  of  0.9%  NaCl  or  5%  Glucose  by 
gavage.  Blood  was  collected  1  hr  after  gavage. 

*  Values  are  presented  as  mean  ±SE  and  represent  the 
combined  results  from  three  separate  experiments. 
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Fig.  1.  Hypocalcemia  and  hypophosphatemia  in 
baby  rats  given  glucose  orally.  Babies  were  fasted  over- 
night before  the  experiment  and  either  simply  bled 
(Fasted  Only)  or  given  NaCl  or  glucose  as  indicated  and 
bled  1  hr  later.  Each  bar  represents  the  mean  value  for 
the  number  of  babies  shown  within  the  bar,  and  the 
brackets  show  the  SE. 
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Fig.  2.  Increased  serum  CT  in  baby  rats  given  glu- 
cose orally.  Babies  were  fasted  overnight  before  the 
experiment,  given  NaCl  or  glucose  as  indicated  and  bled 
1  hr  later.  Each  point  represents  an  individual  baby,  and 
the  horizontal  arrow  shows  the  lower  limit  of  detectabil- 
ity of  the  radioimmunoassay  for  rat  CT  (N.D.  «  Not 
Detecuble). 

of  isotonic  saline  was  administered  (Fig.  1, 
saline  vs.  fasted  only). 

The  fall  in  serum  calcium  which  occurred 
in  baby  rats  60  min  after  oral  glucose  was 
accompanied  by  a  significant  increase  in  im- 
munoreactive  serum  CT  (Fig.  2). 

The  results  suggested  that  the  fall  in  serum 
calcium  after  glucose  might,  at  least  isv  ^1c^.^ 
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be  due  to  the  increase  observed  in  circulating 
CT.  To  test  this  idea  glucose  was  adminis- 
tered to  baby  rats  with  intact  thyroid  glands 
and  to  babies  deprived  of  endogenous  CT  by 
acute  thyroidectomy  (Table  I).  The  results 
showed  that  glucose  produced  a  significant 
fall  in  thyroid  intact  pups  but  not  in  the 
babies  subjected  to  thyroidectomy.  A  small 
decrease  in  the  mean  value  for  serum  Ca  (C 
vs  D)  was  apparent  in  the  thyroidectomized 
pups  given  glucose  in  each  of  three  experi- 
ments but  it  did  not  reach  statistical  signifi- 
cance in  any  of  them  (P  >  0.1).  Likewise,  a 
small  but  insignificant  fall  in  the  mean  serum 
calcium  was  observed  after  acute  thyroid  re- 
moval by  thyroparathyroidectomy  (A  vs  C) 
which  probably  can  be  attributed  to  the  loss 
of  the  parathyroid  glands  for  1  hr. 

In  order  to  examine  the  time  course  of  the 
changes  in  serum  calcium  and  CT  after  glu- 
cose, the  experiment  illustrated  in  Fig.  3  was 
conducted.  The  results  showed  that  serum 
CT  was  significantly  elevated  and  serum  cal- 
cium was  significantly  decreased  only  at  60 
min  after  glucose.  Values  had  not  changed  at 
30  min  after  glucose  and  had  returned  to 
control  levels  by  90  min.  In  contrast,  the 
serum  glucose  was  highest  at  the  earliest  time 
period  examined  (30  min)  and  had  declined 
toward  the  control  level  by  60  and  90  min. 
As  observed  in  this  experiment  (Fig.  3),  as 
well  as  in  several  others  not  shown,  no  change 
in  plasma  hematocrit  was  observed  after  ad- 
ministration of  glucose. 

Discussion,  These  experiments  were  de- 
signed to  determine  whether  or  not  a  calcium- 
fiee  solution  of  glucose  given  orally  could 
increase  release  of  CT  in  the  baby  rat.  The 
results  clearly  show  that  serum  CT  was  ele- 
vated 60  min  after  a  gavage  with  isotonic 
glucose  in  modest  amounts  (Fig.  2).  The  in- 
crease in  CT  was  accompanied  by  a  fall  in 
both  serum  Ca  (Figs.  1  and  3  and  Table  I) 
and  serum  phosphorus  (Fig.  1).  The  changes 
induced  by  glucose  were  not  nonspecific,  e.g., 
simply  due  to  gastrointestinal  distension,  be- 
cause control  gavages  with  saline  were  with- 
out effect  (Fig.  1). 

The  glucose-induced  decrease  in  serum  cal- 
cium probably  was,  at  least  in  part,  due  to  the 
increase  in  serum  CT.  This  conclusion  is 
based  on  the  observation  that  glucose  pro- 
duced a  significant  decrease  in  serum  calcium 
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Fig.  3.  Time  course  of  increase  in  senim  CT  and 
decrease  in  serum  calcium  in  baby  rats  given  glucose 
orally.  Babies  were  fasted  overnight,  given  glucose  as 
indicated  and  bled  30,  60  or  90  min  later.  Values  for  0 
time  represent  fasted  babies  given  NaCl  orally  and  bkd 
30  min  later.  Each  point  represents  the  mean  value  for 
a  separate  group  of  five  pups,  and  the  vertical  line  ihom 
theSE. 

only  in  the  presence  of  the  thyroid  gland  and 
endogenous  CT  (Table  I). 

The  decrease  in  serum  phosphorus  after 
glucose  also  may  partly  be  produced  by  CI 
which  is  well  known  to  cause  hypophospha- 
temia as  well  as  hypocalcemia.  However,  it 
has  long  been  known  that  hypophosphatemia 
results  from  glucose  administration  and  this 
has  been  attributed  to  phosphorylation  and 
cellular  uptake  of  glucose  (9).  Hypophosf^- 
temia  also  occurs  together  with  hypc^ycemia 
when  young  adult  rats  are  injected  with  in- 
sulin (10).  We  have  routinely  observed  sig- 
nificant (P  <  0.01)  hypophosphatemia  30 
min  after  injection  of  5  imits  of  insulin  iv  in 
35-day-old  rats.  This  high  dose  of  insulin, 
which  lowers  serum  glucose  from  '^  120  mg/dl 
to  -30  mg/dl  (P  <  0.001)  docs  not  lower 
serum  calcium.  Since  glucose  does  lower  s^ 
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alcium  in  these  young  adult  rats  (P  < 
ust  as  it  does  in  the  babies  but  insulin 
lot,  it  seems  unlikely  that  insulin  me- 

the  increase  in  CT  and  decrease  in 

calcium  observed  after  oral  glucose. 

the  present  results  show  that  the 
ss  in  CT  and  calcium  in  blood  are  not 
lary  to  changes  in  plasma  volume,  since 
ocrit  was  unaffected  by  oral  glucose. 

mechanisms  by  which  oral  glucose 
IS  blood  CT  and  lowers  serum  calcium 
1  to  be  elucidated.  However,  our  find- 

0  agree  with  the  observations  reported 
^ynen  and  Franchimont  (11)  that,  in 
ZT  increased  after  an  oral  glucose  tol- 
:  test  at  a  time  when  the  concentration 
xl  sugar  was  falling. 

think  that  some  as  yet  unidentified 
intestinal  factor  or  hormone  may  well 
olved  in  the  CT  response  of  baby  rats 
kling  and  to  oral  glucose.  Although 

1  and  its  structural  analogs,  e.g.  CCK, 
Dtent  CT  secretagogues  in  the  pig 
)  and  man  (IS),  they  are  weak  or  in- 
ve  in  causing  release  of  rat  CT  (5,  16). 
;r  studies  will  be  required  to  pursue  and 
y  the  factor  or  events  involved  in  CT 
;  during  feeding  and  absorption  of  milk 
uents  in  the  baby  rat.  However,  our 
t  results  show  clearly  that  even  simple 
x)mponents  of  ingested  milk  may  con- 
part  of  the  stimulus  for  CT  secretion. 
\mary.  Baby  rats,  IS  days  old,  were 
>13  hr  and  given  1. 5  ml  5%  glucose  by 
:h  tube.  Control  babies  were  gavaged 
.5  ml  0.9%  NaCl  which  itself  did  not 
serum  calcium  or  CT. 

age  with  glucose  produced  a  fall  in 
calcium  of  0.5-1.0  mg/dl  60  min  later 
).05-<0.005).  Glucose  produced  a  fall 
m  phosphorus  at  60  min  similar  to  that 
im  calcium.  Measurement  of  immuno- 
e  CT  in  serum  showed  a  significant 
)m  ^120  pg/ml  or  less  up  to  as  much 
pg/ml  (P  <  0.01).  A  time  course  study 
1  that  serum  CT  increased  and  serum 
a  decreased  only  at  60  min  after  oral 
;;  values  had  not  changed  at  30  min 
d  returned  to  control  levels  by  90  min. 


In  contrast,  serum  glucose  was  high  (--'300 
mg/dl)  at  30  min  after  gavage  and  had  re- 
turned toward  the  control  level  (-'130  mg/dl) 
by  60-90  min.  The  decrease  in  Ca  after  glu- 
cose must,  at  least  in  part,  be  due  to  CT  since 
after  thyroidectomy  glucose  did  not  produce 
a  significant  fall  in  serum  calcium. 

The  findings  show  that  oral  administration 
of  a  calcium-free  solution  can  increase  CT 
release  in  the  absence  of  a  rise  in  blood 
calcium. 

The  authors  thank  Dr.  Paul  Munson  for  comments 
and  advice  during  the  course  of  this  work.  The  technical 
assistance  of  Ms.  Deloris  B.  Alston  is  greatly  appreciated. 
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Although  the  etiology  of  Sudden  Infant 
Death  Syndrome  (SIDS)  is  unclear,  its  epi- 
demiology strongly  suggests  that  viral  infec- 
tions may  play  a  significant  role  (1).  Attempts 
to  demonstrate  the  etiologic  importance  of 
viruses  have  been  directed  towards  direct 
viral  isolation  from  SIDS  cases  with  recovery 
rates  varying  up  to  37.5%  (2, 3).  This  variation 
has  partly  been  attributed  to  the  difTerent 
methods  used  for  specimen  processing  and 
isolation. 

Since  circulating  interferon  has  been  de- 
tected in  infections  produced  by  Uve  virus 
vaccines  (4),  in  patients  with  naturally  occur- 
ring viral  infections  (S)  with  some  studies 
showing  a  correlation  between  circulating  in- 
terferon and  viremia  (6),  another  suggested 
approach  of  establishing  the  occurrence  of 
vind  infections  in  SIDS  is  indirectly  through 
the  detection  of  circulating  interferon  (7). 

This  report  describes  our  attempts  to  search 
for  evidence  of  viral  infections  in  SIDS  by 
detecting  the  presence  of  circulating  inter- 
feron. 

Materials  and  methods.  Study  Population. 
Specimens  were  obtained  from  56  infants 
who  were  autopsied  at  the  Office  of  the  Chief 
Medical  Examiner,  Baltimore,  MD,  during 
the  13-month  period  between  January  1967 
and  February  1968.  Forty-four  infants  were 
classified  as  SIDS  by  fulfilling  the  definition 
proposed  at  the  Second  International  Confer- 
ence on  Sudden  Death  Syndrome  of  Infancy 
in  that  their  deaths  were  unexpected  by  his- 
tory and  unexplained  by  the  postmortem  ex- 
amination (8).  This  group  included  20  fe- 
males and  24  males  from  6  weeks  to  12 
months  of  age  with  37  cases  being  under  6 
months.  Specimens  collected  included  tissue 
from  lung,  trachea,  heart,  brainstem,  cortex, 
and  serum  from  heart  blood  samples.  These 
were  frozen  at  -70®  until  used.  In  several 
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instances  the  blood  samples  were  undotted. 

In  the  control  group  of  12  infants  with 
explainable  deaths,  there  were  six  males  and 
six  females  between  4  weeks  and  14  months. 
The  causes  of  death  were  attributed  to 
trauma,  bums,  asphyxia,  drowning,  menin- 
gitis with  adrenal  hemorrhage,  cenUal  nerv- 
ous system  malformation  and  hydrocephaly, 
trisomy  13-15,  congenital  heart  disease,  and 
pneumonia. 

A  second  control  group  was  included  con- 
sisting of  10  adults  between  24  and  74  yeais 
of  age  whose  deaths  were  either  caused  by 
arteriosclerotic  cardiovascular  disease 
(ASCVD)  or  by  gun  shot  or  knife  wounds 
(homicide).  Despite  the  difference  in  aje, 
inclusion  of  this  group  was  thought  to  be 
necessary  because  of  the  insufficient  numbers 
of  traumatic  and  natural  deaths  in  the  infant 
control  group. 

Interferon  Assay.  Serial  twofold  dilutions 
of  sera  were  made  in  Eagle's  minimal  me- 
dium (MEM)  supplemented  with  3%  fetal 
calf  serum  (FCS).  One  ml  of  the  dilution! 
was  added  in  triplicate  to  confluent  mono- 
layer cultures  of  human  diploid  fibroblast 
(Wi-38)  cells  prepared  in  16  x  125  mm  screw- 
capped  tubes.  After  18  hours  of  incubation  at 
37^,  the  diluted  sera  were  aspirated,  and  the 
cells  were  challenged  with  100  TCIDfio  of 
Sindbis  virus.  The  cultures  were  maintained 
at  37^  and  read  in  72  hr  when  the  virus 
controls  showed  100%  (4-t-)  cytopathic  effect 
(CPE).  The  result  was  expressed  in  units/ml 
as  the  reciprocal  of  the  dilution  which  r^ 
duced  CPE  by  50%  (2+),  as  compared  to  the 
virus  control. 

Virus  Isolation.  Specimens  of  lung,  trachea, 
heart,  cortex,  and  brainstem  were  inade  into 
10%  suspensions  by  dilution  and  grinding  ifl 
an  appropriate  volume  of  MEM.  Attempts  at 
virus  isolation  were  limited  to  only  those 
cases  in  which  circulating  interferon  was  d^ 
tected.  Aliquots  of  tissue  suspension  were 
inoculated  into  duplicate  screw  cap  tubes 
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lining  monolayer  cultures  of  human  am- 
,  human  embryonic  kidney,  and  Wi-38 

The  cultures  were  maintained  at  37® 
observed  daily  for  CPE.  After  14  days, 
«lls  were  scraped  from  the  walls  of  the 
tive  cultures,  and  the  cell  suspension 
as  inocula  for  new  cultures  that  were  in 
observed  for  2  weeks.  Hemadsorption 
tested  for  by  using  a  1%  suspension  of 
5a  pig  erythrocytes. 

*sults,  A  viral  inhibitor  was  detected  in 
erum  of  3  cases  of  SIDS  and  of  1  control 
le  I).  This  inhibitor  had  properties  char- 
istic  of  interferon.  It  was  species  specific, 
lialyzable,   trypsin  sensitive,  stable  at 

was  not  sedimented  by  ultracentrifu- 
n  at  110,000g  for  3  hr,  and  did  not 
tly  inactivate  the  challenge  virus, 
laracteristics  of  the  infants  in  whom  in- 
ron  was  detected  are  listed  in  Table  II. 
interferon  titers  in  units/ml  in  the  three 
i  of  SIDS  were  32-64,  in  comparison  to 
)T  of  eight  in  the  one  control  case.  Virus 
res  were  negative  in  all  four  cases.  The 
ological  findings  in  the  three  SIDS  cases 
negative,  as  expected,  but  in  the  control 
the  findings  included  pneumonia,  sub- 
I  hematoma,  and  bilateral  otitis  media 
middle  ear  cultures  growing  Klebsiella- 
bacter  bacteria. 
scussioru  Our  results  show  that  circulat- 

\BLE  I.  Circulating  Interferon  in  Sids. 


Group 

SIDS 

•Control 

••Control 


Number  with  intcr- 
Number  feron 


44 
12 
10 


Infants  with  known  causes  of  death. 

Adult  death  due  to  homicide  or  arteriosclerotic 

cardiovascular  disease  (ASCVD). 


ing  interferon  is  not  frequently  detected  in 
SIDS.  Interferon  was  found  in  only  three  of 
44  cases  of  SIDS  in  comparison  to  one  of  22 
control  cases  with  the  frequency  and  titers 
not  being  significantly  difTerent.  The  finding 
of  interferon  in  the  infant  with  pneumonia 
and  otitis  media  with  middle  ear  cultures 
positive  for  Klebsiella-Aerobacter  bacteria 
is  not  surprising  since  circulating  interferon 
has  been  detected  in  patients  with  gram  neg- 
ative infections  (9). 

Our  data  could  be  interpreted  in  several 
ways.  The  infrequent  finding  of  circulating 
interferon  could  be  due  to  too  early  sampling 
before  there  was  an  interferon  response,  to  an 
insensitive  assay  system,  or  to  inactivation  of 
the  interferon  by  proteolytic  enzymes  re- 
leased at  death.  Arguments  against  this  in- 
clude the  observation  that  interferon  usually 
appears  in  serum  early  in  the  course  of  infec- 
tion at  the  time  that  viremia  occurs  (6),  the 
use  of  a  similar  type  of  interferon  assay  as 
reported  here  in  detecting  circulating  inter- 
feron in  children  with  acute  respiratory  infec- 
tions (5),  and  studies  showing  that  there  is  an 
accurate  correlation  in  antemortem  and  post- 
mortem measurements  of  serum  proteins 
such  as  globulins  and  albumin  (10). 

The  results  could  best  be  interpreted  to 
suggest  that  virus  infections  in  SIDS  are  not 
of  a  disseminated  type  since  circulating  inter- 
feron was  not  frequently  detected.  This  is 
consistent  with  the  findings  in  most  studies 
involving  viral  isolation  in  SIDS  where  re- 
covery of  viruses  has  been  limited  to  the 
respiratory  and  gastrointestinal  tracts  (3).  Our 
studies  are  similar  to  those  previously  re- 
ported in  which  attempts  were  made  to  detect 
viremia  in  SIDS  by  measuring  circulating 
interferon  (7).  They  also  support  the  hypoth- 
esis that  if  viruses  do  play  a  role  in  the  final 


TABLE  II.  Infants  with  Circulating  Interferon. 


Interferon 

Month  of 

Virology 

ise 

Titer 
64 

Age 
6  months 

Sex 

Male 

Death 
~April~ 

Cultures 



64 

5  months 

Male 

December 

— 

32 

6  weeks 

Female 

January 

— 

rol 

8 

2  months 

Female 

February 

— 

Pathology 


Pneumonia,  subdural  hematoma,  bi- 
lateral otitis  media  with  middle  ear 
culturing  Klebsiella — Aerobacter 
bacteria 


Expression  in  units/ml  as  the  reciprocal  of  the  dilution  of  sera  which  reduced  CPE  by  50%  (2-t-)  as  compared 
;  vims  control. 
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common  pathway  of  SIDS,  they  may  possibly 
function  in  a  local  maimer  (8),  the  mechanism 
of  which  remains  to  be  detennined. 

Summary.  Circulating  interferon,  which 
may  be  indirect  evidence  of  viral  infections, 
was  searched  for  in  the  Sudden  Infant  Death 
Syndrome  (SIDS).  A  viral  inhibitor  with  the 
properties  of  inteferon  was  detected  in  the 
serum  of  three  out  of  44  cases  of  SIDS,  and 
in  one  out  of  22  control  cases.  These  results 
show  that  circulating  interferon  is  not  fre- 
quently detected  in  SIDS,  and  suggest  that  if 
viruses  do  play  a  role  in  the  final  common 
pathway  of  SIDS,  they  may  possibly  function 
in  a  local  maimer,  rather  than  in  a  dissemi- 
nated type  of  infection. 
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itocytoma  cells  derived  initially  from 
:ells  of  DBA/2  mice  are  markedly  im- 
suppressive.  Immunologic  impairment 

1  when  relatively  small  numbers  of  these 
cells  are  added  to  normal  spleen  ceUs 

nized  in  vitro  with  sheep  red  blood  oeUs 
Z)  or  alloantigens  (1,  2).  Cell-free  ex- 
and/or  ascites  fluid  from  tumor-bear- 
nimals  also  are  immunosuppressive 
In  vivo  studies  have  shown  that  im- 
logic  impairment  occurs  in  mastocy- 
bearing  mice  in  the  late  stages  of  tumor 
^ion  (6).  However,  early  after  implan- 
of  mastocytoma  cells  there  is  no  signif- 
mppression  of  immune  responsiveness 
imetimes  even  an  enhancement, 
ibody  formation  to  SRBC  in  mastocy- 
bearing  mice,  as  well  as  in  spleen  cell 
ss  treated  with  mastocytoma  cells  or 
ts,  has  been  measured  only  at  the  level 
\  IgM  production.  Since  it  is  possible 
he  tumor  ceUs  may  afTect  differently 
nocytes  involved  in  a  primary  vs.  sec- 
/  immune  response  it  seemed  of  value 
ermine  the  effects  of  mastocytoma  on 
J  antibody  producing  cells.  In  the  pres- 
idy  the  effects  of  the  immunosuppres- 
lastocytoma  cells  and  cell-free  extracts 
learance  of  IgM  vs.  IgG  antibody  pro- 
;  cells  after  primary  or  secondary  im- 
ation  were  examined. 
hods   and  materials.   Animals,    Male 

2  mice  obtained  from  Cumberland 
Farms,  Clinton,  TN,  were  used  for  these 
ments.  The  animals  were  approxi- 
f  6-8  weeks  of  age  and  weighed  18-20 
n  used.  They  were  fed  Purina  mouse 

and  water  ad  libittun, 
wr  cells.  Mastocytoma  tumor  cells,  des- 
d  PB81SX,  were  obtained  originally 
he  American  Type  Culture  Collection, 
ille,  MD.  They  were  passaged  through 
2  mice  by  intraperitoneal  (ip)  injection 
3ther  week. 
gen.  SRBC  were  obtained  in  Alsever's 


solution  from  Cappel  Laboratories,  Down- 
ingtown,  PA,  and  washed  several  times  with 
minimum  essential  medium  (MEM)  pur- 
chased from  Microbiological  Associates,  Be- 
thesda,  MD.  Mice  were  injected  by  intrave- 
nous (iv)  inoculation  of  0.2  ml  of  a  10% 
suspension  of  freshly  washed  erythrocytes. 

Antibody  assay.  Both  the  direct  and  indirect 
assays  for  hemolytic  plaque  forming  cells 
(PFCs)  to  the  SRBCs  were  performed  with 
the  spleen  cell  suspensions  essentially  as  de- 
scribed earlier  (1,  3).  For  the  direct  assay 
varying  numbers  of  washed  spleen  cells  from 
control  and  mastocytoma-bearing  and/or  as- 
cites fluid  injected  mice  were  tested  by  the 
localized  hemolytic  gel  assay  essentially  as 
described  initially  by  Jeme  et  a/.  (1,  3).  For 
this  purpose  0.1  ml  of  a  cell  suspension  was 
added  to  2.0  ml  melted  Difco  agar  (40'') 
containing  an  0.1  ml  inoculum  of  a  1%  sus- 
pension of  RBCs.  The  agar  cell  mixture  was 
poured  carefully  onto  the  surface  of  a  previ- 
ously prepared  60  mm  diameter  Petri  plate 
containing  a  base  layer  of  solidified  agar. 
After  the  upper  layer  soUdified  the  plates 
were  incubated  for  1  hr  at  3V  and  then 
treated  with  approximately  S  ml  of  a  1:15 
dilution  of  sterile  guinea  pig  serum  as  the 
source  of  complement.  The  plates  were  in- 
cubated further  for  one  to  2  hr  until  zones  of 
hemolysis  developed.  These  were  considered 
due  to  direct  19S  IgM  PFCs.  For  indirect 
assay  a  faciUtation  procedure  was  utilized 
with  antimouse  gamma  globulin  serum  (7, 8). 
To  each  agar  plate  was  added  0.1  ml  of  a 
1:100  or  1:200  dilution  of  rabbit  antimouse 
7S  IgG  serum  with  specificity  to  the  heavy 
chain.  The  additional  PFCs  which  developed 
on  such  plates  were  considered  due  to  7S  IgG 
antibody  (i.e.,  the  numbers  of  direct  PFCs 
were  subtracted  from  the  total  number  after 
the  additional  plaques  appeared).  In  all  cases 
the  numbers  of  anti  SRBC  PFCs  were  deter- 
mined on  duplicate  plates  containing  spleen 
cells  from  a  single  animal  and  the  average 
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number  of  PFCs  was  calculated  for  each 
mouse  spleen. 

Ascites  fluid.  Mice  were  injected  by  ip  in- 
oculation of  10®  tumor  cells.  Fourteen  to  fif- 
teen days  later  the  ascites  fluid  (AF)  was 
obtained  from  individual  mice  by  aspiration 
of  the  peritoneum  with  a  needle  and  syringe. 
Pooled  AF  was  clarified  by  centrifugation  at 
2000g  at  4"^.  The  cell-free  supematants  were 
frozen  in  small  aliquots  at  —20°.  The  AF  was 
thawed  and  warmed  to  37°  immediately  be- 
fore ip  injection  into  test  mice. 

Results,  Mice  bearing  mastocytoma  tumors 
showed  significant  suppression  of  the  IgM 
PFC  response  after  either  primary  or  second- 
ary immunization  with  SRBC  (Table  I).  For 
example,  whereas  normal  mice  developed 
many  splenic  IgM  PFCs,  with  peak  numbers 
on  day  S  after  immunization,  mice  given  \(f 
mastocytoma  cells  ip  15  days  or  longer  before 
primary  immunization  showed  a  depressed 
response.  This  suppression  was  evident  on 
each  day  of  assay.  Although  the  peak  re- 
sponse was  about  two  thirds  lower  than  that 
occurring  in  nontumor  bearing  control  mice, 
the  day  of  peak  response  still  occurred  on  the 
same  day,  i.e.,  day  five. 

The  indirect  7S  IgG  PFCs  appeared  at  a 
relatively  slower  rate  in  both  normal  and 
tumor-bearing  animals  after  primary  immu- 
nization, with  the  peak  on  days  6  to  8.  At 
these  times,  however,  there  were  two  to  three 
times  as  many  IgG  as  compared  to  IgM 
PFCs.  The  mastocytoma-bearing  mice  had 
essentially  the  same  number  of  7S  IgG  PFCs 


as  did  control  mice.  During  the  secondary 
immune  response  there  was  also  no  signifi- 
cant depression  of  the  IgG  PFC  response 
(Table  1).  For  these  experiments  mice  were 
primed  with  sheep  RBCs  and  injected  with 
mastocytoma  cells  IS  days  later.  All  mice 
received  a  second  injection  of  sheep  erythro- 
cytes one  month  after  the  first  injection. 
There  was  a  marked  depression  of  appear- 
ance of  IgM  PFCs  in  the  spleen  of  these 
animals  (approximately  75%  fewer  PFCs  on 
the  peak  day  as  compared  to  control  animals). 
In  contrast,  little  if  any  effect  on  the  IgG 
PFC  response  was  evident  in  the  tumor  bear- 
ing animals  (Table  I).  In  other  experiments, 
not  shown,  little  if  any  effect  was  evident  on 
the  IgG  PFC  response  in  mice  primed  with 
SRBC  at  different  times  prior  to  injection  of 
mastocytoma  cells  and  secondary  immuni- 
zation. 

Since  it  was  difficult  to  control  the  size  of 
the  tumors  in  the  mice  at  various  times  after 
implantation  of  mastocytoma  cells,  and  sina 
the  absolute  numbers  of  tumor  cells  per 
mouse  was  variable,  addtional  experiments 
were  carried  out  in  which  known  amounts  of 
AF  harvested  from  tumor-bearing  mice  were 
injected  prior  to  primary  or  secondary  im- 
munization with  SRBC.  As  can  be  seen  in 
Table  II,  mice  injected  with  O.S  ml  AF  before 
primary  challenge  immunization  with  SRBC 
showed  a  marked  impairment  of  their  ex- 
pected PFC  response.  However,  this  suppres- 
sion was  evident  mainly  at  the  level  of  IgM 
PFCs.  The  appearance  of  7S  IgG  PFCs  wis 


TABLE  I.  Hemolytic  Antibody  Plaque  Response  in  the  Spleen  of  Control  and  Mastocytoma- 
Bearing  Mice  after  Primary  vs.  Secondary  Immunization  with  SRBC. 


Mouse 
Normal  controls 

group  tested 

Anti-SRBC  response  on  day^ 

Mastocytoma 

I  injected* 

after  immunization" 

IgM  PFCs 
64.500 

IgG  PFCs' 
13.600 

IgM  PFCs 

IgG  PFCs' 

Primary  4-4  days 

12.300 

15,700 

-1-5 

97.300 

58,960 

38.700 

65,400 

-1-6 

71.500 

165.000 

31.500 

150.000 

-1-8 

40.350 

130.500 

22.300 

125,000 

Secondary  -1-3 

9.750 

73.100 

1.500 

46.500 

-1-4 

12.600 

195.000 

3.750 

170,000 

-1-5 

11.700 

210.000 

2,130 

195,000 

-1-7 

5,650 

97.500 

1.600 

112,000 

'  Groups  of  five  to  eight  mice  given  either  one  or  two  iv  injections  of  4  X  10*^  SRBCs;  secondary  injected  i 
given  booster  immunization  30  days  after  primary  injection. 

*  Mice  injected  ip  with  10^  mastocytoma  cells  14  days  before  either  primary  or  secondary  immunization. 
^  Indirect  7S  IgG  PFCs  detected  by  facilitation  procedure  with  antiglobulin  serum. 
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E  U.  Cytokinetics  of  Appearance  of  Hemolytic  PFCs  in  the  Spleen  during  Primary  Response 
;RBCs  by  Normal  Mice  and  Mice  Injected  ip  with  Ascites  Fluid  from  Mastocytoma-Bearino 

Mice. 


Mouse 

group 

tested 

Normal  controls 

AF 

injected^ 

in  days  aner  pn- 

'  immunization' 

IgM  PFCs- 

IgG  PFCs^ 

IgM  PFCs*^ 

IgG  PFCs^ 

0 

<100 

<100 

<100 

<100 

-3 

11,920 

3,436 

8,760 

2,278 

-5 

86.750 

29,750 

15,750 

21,500 

-7 

59,340 

187,300 

10,300 

174,000 

-10 

21,150 

145,500 

8,450 

130,000 

-15 

7,300 

37,400 

2,150 

35,300 

roups  of  five  to  six  mice  injected  iv  with  4  x  10^  SRBCs  and  assayed  on  day  indicated  for  PFCs. 

lice  treated  by  ip  injection  of  0.5  ml  A.F.  on  day  -1  and  0  relative  to  day  of  immunization  with  SRBC. 

irect  PFCs  for  high  efficiency  19S  hemagglutinin  antibody. 

idirect  PFCs  detected  by  facilitation  procedure  with  antiglobulin  serum. 


tially  normal  in  these  AF-treated  mice 
ie  II).  The  day  of  peak  response  of  both 
»  of  PFCs  was  essentially  the  same, 
dless  of  whether  or  not  the  mice  were 
5d  with  AF. 

»rmal  mice  primed  with  SRBC  and  then 
.  a  second  injection  of  erythrocytes  de- 
icd  a  markedly  enhanced  IgG  PFC  re- 
;e.  As  is  evident  in  Table  III,  mice  in- 
1  prior  to  secondary  immunization  with 
howed  a  depression  of  the  IgM  but  not 
gG  PFC  response,  similar  to  the  sup- 
ion  occurring  in  mice  bearing  mastocy- 

tumors.  During  the  secondary  resonse 
ol  mice  showed  a  rapid  appearance  of 
PFCs,  with  peak  numbers  4  days  after 
;er  stimulation.  At  this  time  there  were 
t  25  times  as  many  IgG  PFCs  as  IgM 
\  in  the  control  animals.  Mice  injected 

AF  before  secondary  immunization 
ed  esentially  a  similar  IgG  PFC  re- 
;e,  but  only  about  one  third  the  IgM 
»nse,  as  compared  to  controls.  Thus  on 
eak  day  of  the  secondary  response  there 

about  80  times  more  IgG  PFCs  than 
PFCs  in  AF  treated  mice.  On  days  6  to 
lien  the  numbers  of  IgM  PFCs  were 
asing  rapidly,  the  numbers  of  IgG  PFCs 
ined  relatively  elevated  in  the  spleen  of 
control  and  AF-treated  mice. 
fcussion  and  conclusion.  The  results  of 
experiments  showed  that  mastocytoma- 
ng  mice  depressed  in  their  ability  to 
iss  a  normal  IgM  antibody  response  to 
C  are,  nevertheless,  capable  of  a  normal 
;G  PFC  response.  Similar  results  were 
ned  for  both  the  primary  and  secondary 


antibody  response.  Mice  given  a  single  injec- 
tion of  SRBC  showed  a  rapid  appearance  of 
specific  IgM  hemolytic  PFCs,  with  peak 
numbers  on  days  4  to  S  after  immunization. 
At  this  time  some  IgG  PFCs  were  evident, 
especially  since  the  mice  were  given  an  opti- 
mum dose  of  RBC.  The  peak  IgG  PFC  re- 
sponse occurred  several  days  later.  Mice  ac- 
tively bearing  a  mastocytoma  tumor  showed 
a  marked  depression  of  the  IgM  response,  but 
only  a  sUght,  if  any,  suppression  of  the  IgG 
PFC  response.  This  was  evident  when  mice 
were  inoculated  with  10^  tumor  cells  approx- 
imately 2  weeks  before  primary  immuniza- 
tion. 

When  RBC  primed  mice  were  given  mas- 
tocytoma cells  two  weeks  before  a  secondary 
immunization,  there  was  a  similar  difTerence 
in  the  IgM  vs.  IgG  antibody  response.  The 
major  dUTerence  between  primary  and  sec- 
ondary responses  was  the  appearance  of  large 
numbers  of  IgG  PFCs,  with  peak  responses 
several  days  earUer  than  during  the  primary 
response.  Mice  injected  with  mastocytoma 
cells  two  weeks  before  secondary  immuniza- 
tion had  a  marked  depression  of  the  19S  IgM 
antibody  response,  but  no  consistent  altera- 
tion of  response,  despite  the  fact  peak  days 
were  similar  to  controls. 

In  order  to  investigate  whether  suppression 
was  due  to  the  inmiunosuppressive  factor(s) 
found  in  previous  studies,  AF  from  masto- 
cytoma-bearing  mice  was  injected  into  nor- 
mal animals  prior  to  primary  or  secondary 
inmiunization  with  SRBC.  Similar  to  the 
findings  with  the  mastocytoma-bearing  mice, 
AF  treatment  resulted  in  a  preferential  sup- 


384 


TUMOR  IMMUNOSUPPRESSION 


TABLE  III.  Cytokinetics  of  the  Secondary  Hemolytic  PFC  Response  in  the  Spleen  of  Nop 
Mice  and  Mice  Injected  with  A.F.  from  Mastocytoma-Bearing  Mice  Immediately  before  a  B* 

Injection  with  Sheep  RBCs. 


Mouse 

group 

tested 

Normal  controls 

AF 

injected* 

Time  in  days  after  sec- 

ondary immunization" 

IgM  PFCs 

IgG  PFCs' 

IgM  PFCs 

IgGPF< 

0 

1.250 

650 

975 

59 

+2 

5,970 

21,350 

2,360 

17.34 

+4 

10,340 

253,000 

3,750 

240,40 

+6 

8,730 

195.000 

1,530 

210.70 

+8 

3,650 

76,300 

1,150 

79.50 

-l-IO 

1,950 

12,500 

738 

23.50 

-1-15 

1.235 

9,350 

650 

12,60 

"  Groups  of  five  to  six  mice  first  injected  iv  with  4  x  10*^  SRBCs  and  then  given  a  secondary  injection 
later  with  same  dose  of  erythrocytes  on  indicated  day  before  assay  for  splenic  PFCs. 

*  Mice  injected  i.p.  with  0.5  ml  AF  on  day  -1  and  0  before  secondary  immunization  with  SRBC. 
"  Indirect  7S  IgG  PFCs  detected  by  facilitation  procedure  with  antiglobulin  serum. 


pression  of  the  IgM  as  compared  to  the  IgG 
response.  These  results  point  to  the  need  for 
examining  several  parameters  of  the  immune 
response,  even  to  the  same  antigen,  in  order 
to  determine  mechanisms.  The  lack  of  a  sig- 
nificant depression  of  IgG  PFCs  after  second- 
ary immunization  suggests  that  the  mastocy- 
toma immunosuppressive  factor(s)  preferen- 
tially affects  those  inmiunocytes  forming 
macromolecular  hemolytic  antibodies,  i.e., 
19S  IgM  hemolysis.  On  the  other  hand  those 
immunocytes  which  develop  later  in  the  pri- 
mary inmiune  response  and  in  larger  num- 
bers during  the  secondary  response  to  SRBCs 
and  secrete  7S  hemolysins  are  essentially  un- 
affected. These  cells,  presumably  B-lympho- 
cytes,  require  T-oells  for  antibody  formation. 
Results  of  this  study  appear  to  be  at  vari- 
ance with  earlier  studies  from  this  laboratory 
in  which  it  was  shown  that  '"educated"  T 
cells,  when  added  to  immunosuppressed 
spleen  cell  suspensions  from  mastocytoma 
bearing  animals,  restored  immune  respon- 
siveness. It  seemed  likely  from  that  study  that 
a  major  immunologic  defect  caused  by  mas- 
tocytomas, at  least  in  terms  of  responsiveness 
to  SRBC,  was  related  to  helper  T  cell  func- 
tions (9).  If  this  were  so,  then  mastocytoma 
treated  mice  should  show  a  preferential 
impairment  of  the  IgG  rather  than  the  IgM 
PFC  response,  since  the  "switch"  to  IgG  an- 
tibody formation  is  thought  to  depend  on  T 
cell  production.  However,  differences  be- 
tween in  vivo  vs.  in  vitro  responses  may  ex- 
plain this  apparent  inconsistency.  Factors 


which  influence  the  immune  response 
may  not  be  important  or  may  be  1 
during  in  vitro  conditions.  Also,  helpei 
activity  for  anti-SRBC  responses  may 
pressed  through  different  mechanisms  1 
mary  vs.  secondary  responses. 

The  results  of  the  present  studies  sug{ 
that  "conversion"  of  IgM  to  IgG  an 
responsiveness  in  vivo  is  less  affecte* 
formation  of  IgM  antibody  per  se  als 
trasts  with  the  widely  accepted  view  th 
antibody  formation  depends  upon  a  | 
ing  IgM  antibody  response  (10).  How 
is  not  yet  clear  whether  separate  dai 
precursor  cells  exist  for  these  two  cell 
lations.  Regardless  of  the  mechanis 
volved,  it  seems  apparent  from  the  res 
this  study  that  mastocytoma-bearing  m 
se  as  well  as  mice  treated  with  AF 
tumor-bearing  animals  show  a  prefe 
depression  of  the  IgM  antibody  respc 
compared  to  the  IgG  response. 

Summary.  Immunologic  impairme 
curs  in  mice  bearing  mastocytoma  tun 
injected  with  cell  free  extracts  and/or 
fluids  from  the  tumor  bearing  animals, 
present  study  it  was  found  that  the  19 
antibody  response  to  sheep  red  blood  < 
assessed  at  the  individual  hemolytic 
forming  cell  level  was  preferentially  ai 
Whereas  there  were  60-80%  fewer  IgN 
in  mice  given  a  primary  injection  witl 
erythrocytes,  there  was  only  a  slight  el 
appearance  of  indirect  7S  IgG  plaqu< 
ing  cells.  Furthermore,  mice  prime 
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sheep  red  blood  cells  and  then  implanted 
with  mastocytoma  cells  showed  a  marked 
impairment  of  the  secondary  IgM  response 
but  no  depression  of  the  IgG  response.  Injec- 
tion of  cell  free  ascites  fluid  derived  from 
mastocytoma-bearing  mice  into  normal  re- 
cipient mice  before  primary  or  secondary  im- 
munization with  sheep  red  cells  resulted  in 
marked  depression  only  of  the  IgM  response. 
These  results  indicate  that  mastocytoma  af- 
fects preferentially  in  inununocytes  produc- 
ing IgM  hemolytic  antibody  and  not  those 
involved  in  formation  of  7S  antibody. 
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Bile  Acids  in  Bile  of  Germfree  and  Conventional  Dogs^  (40059) 
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The  Lobtmd  Laboratory,  Department  of  Microbiology,  University  of  Notre  Dame,  Notre  Dame,  Indiana  46556 

intestinal  parameters.  They  influence  the  ab- 
sorption of  Upids  (2),  but  may  also  affect  Ca 
and  Mg  absorption  (3)  since,  in  the  gut  a 
substantial  part  of  these  metals  may  be  bound 
to  fatty  acids  (4).  They  appear  to  affect  the 
renewal  rate  of  the  intestinal  mucosa  (S,  6) 
and  aspects  of  intestinal  metabolism  (7,  8), 
including  transport  related  ATP-ases  (9). 

The  absence  of  an  intestinal  microflora 
leads  to  extensive  quaUtative  and  quantitative 
changes  in  bile  acids  of  rats  and  mice  (10, 
1 1).  In  conventional  rabbits  the  major  biUary 
bile  acid  is  deoxycholic  acid,  which  is  absent 
in  the  bile  of  the  germfree  rabbit  (12).  Prelim- 
inary data  comparing  germfree  and  conven- 
tional gerbils  indicate  chenodeoxychoUc  acid 
as  a  major  bile  acid  in  germfree,  but  not 
conventional  gerbils  maintained  at  the  Lo- 
bund  Laboratory.^  In  bile  of  germfree  piglets 
hyochoUc  acid  predominates,  while  in  con- 
ventional piglets  hyocholic  and  hyodeoxy- 
cholic  occur  in  comparable  amounts  (13). 
The  data  in  this  report  show  much  less  exten- 
sive differences  between  germfree  and  con- 
ventional dog  bile,  with  choUc  acid  being  the 
dominant  bile  acid  in  both  cases. 

Materials  and  methods.  Pure-bred  germfree 
and  conventional  Beagle  dogs  of  mixed  sexes 
and  S-6  months  old  were  obtained  from 
Louisiana  State  University  Medical  Center, 
Department  of  Surgery  in  New  Orleans, 
Louisiana.  After  caesarian  birth  the  germfree 
puppies  had  been  housed  in  isolators  de- 
scribed by  Heneghan,  Longoria  and  Cohn 
(14)  and  fed  autoclaved  Borden  Esbilac  (The 
Borden  Co.,  New  York,  NY)  with  1  ml  filter 
sterilized  Vi-Syneral  Multiple  Vitamins  (B 
vitamins  plus  vitamins  A,  D,  E,  and  C)  (U.S. 
Vitamin  and  Pharmaceutical  Corp.,  New 
York,  NY)  per  liter  of  milk  diet.  A  filter- 
sterilized  2.5%  methionine  solution  had  been 
added  to  the  milk  so  each  puppy  received 
approximately  30  mg  of  methionine  per  day 
until  they  were  weaned  to  autoclaved  Purina 


Germfree  dogs  have  been  reared  for  a 
number  of  years,  mostly  to  be  used  for  the 
study  of  various  surgical  problems  (1).  How- 
ever, they  arc  also  of  interest  to  the  gnoto- 
biologist  because  they  are  mammals  not  sub- 
ject to  the  usual  cecal  enlargement  found  in 
the  germfree  rodent.  The  gastrointestinal 
fimction  of  the  dog  may  possibly  be  more 
similar  to  man's  than  that  of  the  rodent,  and 
with  this  in  mind,  a  collaborative  study  of  the 
gastrointestinal  function  of  the  germfree  dog 
was  begun.^  Gallbladder  bile  from  germfree 
and  conventional  dogs  was  available  for  a 
preliminary  study  of  the  dog  as  a  model  for 
the  investigation  of  sterol  metabolism.  This  is 
the  first  report  on  the  biliary  bile  acids  of  the 
germfree  dog. 

In  addition  to  being  the  main  catabolic  end 
product  of  endogenously  and  exogenously 
derived  cholesterol,^  the  actual  presence  of 
bile  acids  in  the  gut  afTects  a  number  of 

*  These  studies  were  supported  by  the  Fannie  E. 
Rippel  Foundation  and  N.I.H.  Grant  No.  5  P06 
RR00640. 

^  This  project  involved  Drs.  J.  B.  Heneghan,  Louisiana 
Sute  University  Medical  Center,  New  Orleans,  LA; 
Helmut  A.  Gordon,  University  of  Kentucky  Medical 
Center,  Lexington,  KY;  Silvio  Baez,  Albert  Einstein 
CoUege  of  Midicinc,  New  York,  N.Y.;  Esther  Kokas, 
University  of  North  Carolina,  Chapel  Hill,  N.C.;  and 
Bernard  S.  Wostmann,  University  of  Notre  Dame,  Notre 
Dame,  IN.  Preliminary  results  were  presented  at  the  1 1th 
Annual  Meeting  of  the  Association  for  Gnotobiotics, 
Guelph,  Ontario,  Canada,  June  9-13,  1974. 

'The  following  systematic  names  are  given  to  bile 
adds  and  sterob  referred  to  by  trivial  names:  choles- 
terol—cholest-5-«n-3^-ol;  cholic  add— 3a,7a,12a-Tri- 
hydroxy-S^S-cholanic  add;  a-muricholic  add — 3a,6^,7a- 
Trihydroxy-5^-cholanic  add;  ^-muricholic  add— 
3a,6)S,-7^-Trihydroxy-5^-cholanic  add;  Chenodeoxy- 
choUc add— 3a,7a-Dihydroxy-5^-cholanic  add;  Deox- 
ycfaolanic  add — 3a,12a-Dihydroxy-5^-cholanic  add; 
Hyodeoxycfaolanic  add— 3a,6a-Dihydroxy-5^-cholanic 
add;  Lithocholanic  add— 3a,Hydroxycholanic  add;  7- 
ketolithocholic  add— 3a-Hydroxy-7-ketocholanic  add; 
7-ketodeoxycfaolanic  add— 3a,12a-Dihydroxy-7-keto- 
cbahuuc  add. 
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^  Wostmann,  B.  S.  Unpublished  data,  1975. 
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^how  (Ralston  Purina  Co.,  St.  Louis, 
upplemented  with  1.2S  ml  Vi-Syneral 
ins  per  liter  of  drinking  water.  Conven- 
control  animals  had  been  housed  in 
rd  stainless  steel  cages,  two  to  a  cage 
open  animal  facility,  and  were  fed 
ived  Purina  Dog  Chow  and  water  ad 

pies  of  gallbladder  bile  were  obtained 
>psy,  and  dUuted  1:20  with  50%  (v/v) 
1  for  storage.  Bile  adds  were  prepared 
-  methodology  (IS)  which  is  sunmia- 
lere.  For  analysis,  ethanol  was  added 
liquot  of  diluted  bile  sample  to  a  final 
1  concentration  of  approximately  75% 
and  NaOH  was  added  to  O.SO  N.  Car- 
«  cholic  acid-[^^C]  was  added  to  deter- 
ecovery  after  sample  preparation  (see 
ter).  The  mixture  was  refluxed  1  hr 
team,  cooled,  and  the  neutral  sterols 
id  by  four  extractions  with  hexane. 
ater  phase,  containing  the  bile  adds, 
ide  more  basic  (0.8  N),  and  the  mixture 
ived  to  hydrolyze  conjugated  bile 
\fter  cooling,  the  mixture  was  addified 
[CI  and  bile  adds  were  extracted  once 
hloroformrmethanol  (2:1)  and  thrice 
liloroform.  Bile  adds  were  methylated 
^t  by  dissolving  in  10  ml  of  S%  ace- 
ride  in  methanol. 

material  was  streaked  onto  20  x  20  cm 
/er  chromatographic  (TLC)  plates  (250 
ick),  and  developed  once  in  chloro- 
enzene  (1: 1)  to  remove  fatty  adds.  The 
¥as  then  developed  in  isooctane:iso- 
Lol:HAc  (100:60:1)  to  carry  the  bile 
way  from  the  origin,  the  latter  contain- 
3st  of  the  pigmented  material.  After 
of  bile  adds  from  the  gel  with  acetone, 
^ere  streaked  on  a  second  TLC  plate 
developed  in  chloroform:acetone: 
lol  (70:25:5);  this  separates  the  bile 
ixture  into  three  fractions  suitable  for 
[uid  chromatography  (GLC)  analysis: 
:  zone  of  trihydroxy  bile  adds,  a  middle 
ontaining  hyodeoxycholic  add  (when 
t)  and  the  upper  zone  carrying  all  di- 
Lyandketo-BAs(15). 
m  internal  standard  for  GLC  quanti- 
5a-cholestane  was  added  to  the  eluted 
id  fractions.  An  aliquot  representing 
iirth  of  the  sample  was  used  to  deter- 
holic  add-[^^C]  recovery  to  correct  for 


losses  during  the  foregoing  analytical  proce- 
dure. One  milligram  methyl  cholate  carrier 
was  added  and  the  mixture  incorporated  in 
10  ml  2,5-diphenyloxazole  (PPO)  (5  g/1)  in 
toluene,  with  0.5  ml  of  methanol  added  to 
assure  complete  solution  of  all  material.  Ra- 
dioactivity was  determined  with  a  Beckman 
Instruments  LS-250  Liquid  Scintillation  Sys- 
tem using  the  automatic  quench  correction 
(AQC). 

The  remaining  three-fourths  of  the  sample 
was  dried  and  the  bile  adds  converted  to 
trimethylsilyl  (TMS)  ethers  for  flame  ioniza- 
tion GLC  on  1%  SE-30  and  on  3%  QF-1, 
both  supported  on  100/200  mesh  Gas  Chrom 
Q  (Applied  Sdence  Laboratories,  Inc.,  State 
College,  PA),  for  quantitation  and  identifi- 
cktion  (15).  Quantitation  was  done  by  inte- 
gration of  GLC  peaks  with  an  Autolab  Sys- 
tem rV  Computing  Integrator  (Autolab  Di- 
vision of  Spectra-Physics,  Santa  Clara,  CA). 

Quantitative  corrections  were  made  based 
on  the  recovery  of  the  cholic  add-[^^C].  Re- 
coveries were  idways  better  than  85%. 

Results,  With  the  limited  number  of  dogs 
available  no  obviously  significant  difference 
between  total  bile  adds  in  bile  of  germfree 
and  conventional  dogs  could  be  found  (Table 
I).  The  bile  adds  of  all  dog  bile  samples,  from 
both  germfree  and  conventional  animals 
ranged  from  23  to  44  mg/ml  bile,  with  the 
germfree  dogs  tending  to  show  higher  values. 
In  both  germfree  and  conventional  dogs, 
cholic  add  was  the  dominating  component, 
with  approximately  4%  chenodeoxycholic 
being  present.  In  die  conventional  animals 
10-20%  deoxycholic  add  was  present,  ac- 
counting for  the  decrease  in  cholic  add.  Only 
traces  of  keto-bile  adds  were  found  in  the 
bile  of  either  group,  usually  with  a  GLC 


TABLE  I.  Bile  Acids  in  Gallbladder  Bile  of 

Adult  Germfree  (GF)  and  Conventional  (CV) 

Beagle  Doos. 


GF 

CV 

(8)- 

(4) 

% 

% 

Cholic  add 

94.9  ±  0.7* 

81.6  ±  2.2 

4.6  ±  0.6 

3.7  ±  0.6 

Deoxycholic  add 

— 

12.1  ±  3.1 

Ketones 

trace 

trace 

Toud  bile  adds  mg/ml 

38.8  ±  2.6 

28.5  ±  2.9 

'  Number  of  animals  in  parenthesis. 
*Mean±SE. 
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retention  time  that  suggested  12-keto-3a  cho- 
lanic  acid. 

Discussion,  Cans  and  Butz  (18)  found  gall- 
bladder bile  acids  in  conventional  dogs  to 
consist  largely  of  taurocholate  and  taurodeox- 
ycholate.  Earlier,  Cans  (19)  had  reported 
30-40%  taurodeoxycholate  determined  by  a 
chemical  method.  The  present  data  on  con- 
ventional dog  material  are  more  in  line  with 
the  findings  of  Quarfordt  and  coworkers  (20). 
Using  conventionally  reared  mongrel  dogs, 
they  found  the  biliary  bile  acids  to  be  cholic 
(69%),  chenodeoxycholic  (9%)  and  deoxy- 
cholic  (21%)  acids  with  total  bile  acid  concen- 
tration of  20.2  mg/ml  bile.  Differences  be- 
tween these  and  the  present  data  may  be  due 
to  dog  breed,  diet  or  different  methods  of 
quantitation. 

The  predominant  bile  acid  of  the  germfree 
Beagle  dog  is  cholic  acid;  this,  together  with 
the  other  primary  bile  acid,  chenodeoxycholic 
acid,  represents  at  least  99.5%  of  the  total 
gallbladder  bile  adds.  In  conventional  dogs, 
deoxycholic  acid  is  presumably  formed  by 
bacterial  degradation  of  cholic  add  in  the 
gut  and  recirculates  via  the  liver  without 
being  completely  rehydroxylated.  Cheno- 
deoxycholic add  occurs  in  approximately  the 
same  quantity  as  found  in  the  germfree  ani- 
mal. Cholic  add,  deoxy-  and  chenodeoxy- 
cholic adds  represent  99.3%  of  the  material 
found  in  the  bUe  add  fraction  of  the  conven- 
tional dog  bile. 

Biliary  bile  add  composition  reflects,  to  a 
large  extent,  the  qualitative  composition  of 


bile  adds  that  are  functionally  active  in  the 
small  intestine.  In  the  most  frequently  used 
animal  models,  the  rat  and  the  mouse,  bile 
add  composition  is  considerably  different 
from  that  in  man  (Table  II).  Although  the 
bile  adds  in  dog  and  human  bile  are  not 
quantitatively  comparable,  they  are  much 
more  similar  than  are  those  of  rodents  and 
man.  Human  gallbladder  bile  consists  mainly 
of  cholic  add  (44%),  chenodeoxycholic  add 
(33%),  and  deoxycholic  add  (19%)  represent- 
ing 96%  of  the  total  bile  adds  with  the  re- 
mainder lithocholic  add  (4%)  (21).  Total  bile 
add  concentration  falls  in  the  same  range  as 
found  for  the  dog  (Table  II),  but  75%  of 
human  biliary  adds  are  conjugated  with  gly- 
cine and  only  25%  with  taurine  (23),  whereas 
almost  all  the  bile  adds  in  both  dog  (18)  and 
rat  (24)  bile  are  taurine  conjugated.  ^-Muri- 
choUc  add,  very  much  in  evidence  as  a  pri- 
mary bile  add  in  rat  (10)  and  mouse  (11)  bile, 
is  present  neither  in  dog  nor  in  human  bile. 
Moreover,  the  bile  add  patterns  of  the 
germfree  rat  and  mouse  differ  very  substan- 
tially, both  quantitatively  and  qualitatively, 
from  those  of  their  conventional  counterparts 
(10,  11).  In  the  dog,  germfree  and  conven- 
tional animals  differ  only  in  the  presence  of 
a  moderate  amount  of  deoxycholic  add  in 
conventional  dog  bile.  Total  amounts  of  bile 
adds  appear  to  fall  in  the  same  range,  al- 
though there  seems  to  be  a  trend  towards 
higher  values  in  the  germfree  animal  remi- 
niscent of  the  more  pronounced  differences 
found  in  murine  rodents  (10,  25).  Evidently 


TABLE  II.  Percentage  Occurrence  of  Major  Bile  Acids  in  Bile  of  Various  Mammalian  Species. 


Dog 


Rat  (10) 


Mouse 


Human 


Bile  Add 


OF 


CV 


GF* 


CV 


OF 

(il.25) 


CV* 


GB  (23) 
fccses'      CV  (21) 


Chenodeoxycholic  add         4.6'' 

Cholic  add  94.9 
Deoxycholic  add  — 

^-muricholic  add^  — 

Hyodeoxycholic  add  — 

Bile  adds  total  (mg/ml)  36.8 


3.7 
83.6 
12.1 


0.6 
49.4 

49.2 


4.2 
74.8 

1.0 
15.3 

3.0 


1.5 

24.5* 

68.0 


52.9 

3.5 

37.5 

trace 


++ 
++ 


33.4 
44.2 
18.6 


28.5 


10.12 


4.16 


not  given 


37.9 


'  Lobund  rats  of  Wistar  origin. 

*  Wostmann,  B.  S.  Unpublished  daU,  1975. 

'  2  gnotobiotic  (GB)  children,  one  GF  3  months  then  contaminated  with  a  bacterium  of  the  Klebsiella'-aerobacter 
group  and  CamUda  albicans  and  the  other  with  a  spore-former. 

**  Percent  of  total  bile  adds. 

'Includes  1.7%  of  cholic  add-7-S04  derived  from  cholic  add,  according  to  personal  communication  from  H. 
EyMscD,  University  of  Leuven,  Belgium,  1974. 
^Tbis  fraction  includes  5-10%  or-muricholic  add  (10). 
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stinal  microflora  exerts  far  less  influ- 
the  bile  acid  pattern  of  the  dog  than 
of  any  of  the  other  species  studied 

present  data  indicate  similarities  that 
>  the  possible  usefulness  of  the  dog  as 
1  for  the  study  of  the  microbial  factor 
Etcid  and  cholesterol  metabolism  as  it 
to  cardiovascular  disease  in  man.  The 
:nedly  small  difTerences,  both  quali- 
nd  quantitative,  between  bile  adds  of 
«  and  conventional  dogs  suggest  that 
ral,  germfree  dogs  may  be  used  ad- 
»usly  in  studies  of  intestinal  function 
tabolism  that  require  absence  or  con- 
he  intestinal  microflora.  The  similar- 
»ile  acid  composition  would  warrant 
iumption  that  bile  acid-dependent 
1  in  the  small  intestine  of  gnotobiotic 
mid  be  comparable  to  that  of  conven- 
nimals. 

nary.  The  amount  and  composition  of 
Ider  bile  acids  of  eight  germfree  and 
mventional  pure-bred  Beagle  dogs 
^termined.  Unlike  in  other  manmia- 
des,  no  major  differences  in  bile  add 
ition  were  found  between  germfree 
iventional  dogs.  Germfree  dog  bile 
ed  on  the  average  94.9%  cholic  add 
\%  chenodeoxycholic  add.  Conven- 
log  bile  contained  83.6%  cholic  add, 
enodeoxycholic  add  and  in  addition, 
eoxychoUc  add.  Bile  from  both  germ- 
1  conventional  dogs  contained  traces 
-bile  adds.  The  average  amounts  of 
e  adds  in  mg/ml  bile  were  36.8  ±  2.6 
ee)  and  28.5  ±  2.9  (conventional), 
for  difTerences  in  conjugation,  dog 
nan  biliary  bile  acid  patterns  are  qual- 
r  comparable,  and  differ  from  those  in 
I  mice  in  that  muricholic  and  related 
Is  are  found  only  in  the  latter  group. 
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The  presence  of  a  blood-flow  gradient 
along  the  small  intestine  is  disputed.  Geber 
(1),  using  electromagnetic  flowmeters  in  dogs, 
and  Steiner  and  Mueller  (2)  using  the  indi- 
cator fractionation  technique  in  rats  demon- 
strated that  blood  flow  per  unit  weight  was 
highest  in  the  duodenum  and  then  decreased 
progressively  along  the  jejunum,  ileum,  and 
colon.  On  the  other  hand.  Grim  and  Lindseth 
(3)  using  direct  collection  of  venous  outflow 
isolated  loops  of  intestine  in  the  dog,  and 
Delaney  and  Custer  (4)  using  the  indicator 
fractionation  technique  in  dogs  did  not  ob- 
serve a  blood  flow  gradient.  The  negative 
view  has  also  been  supported  by  a  more 
recent  study  of  Goodhead  (S)  using  the  indi- 
cator fractionation  technique  in  the  dog. 

This  paper  presents  evidence  that  a  blood 
flow  gradient  does  exist  in  the  small  intestine 
of  the  dog  when  it  is  studied  under  basal 
conditions  of  anesthesia. 

Materials  and  methods.  Eighteen  mongrel 
dogs  weighting  15-30  kg  were  given  water 
but  no  food  for  24  hr  in  the  preparation 
period.  General  anesthesia  was  then  induced 
and  maintained  with  intravenous  pentobar- 
bitone sodium  (30  mg/kg).  Blood  pressure 
and  heart  rate  were  monitored  from  a  femoral 
artery  catheter  and  body  temperature  was 
kept  at  37.5°.  Care  was  taken  to  perform  all 
blood  flow  measurements  when  these  func- 
tions were  stable. 

Intestinal  blood  flow  was  measured  by  the 
indicator-fractionation  technique  with  *^K 
(15  /xCiAg)  as  the  indicator.  The  ^^K  was 
injected  into  the  inferior  vena  cava  and  tissue 
^%.  content  100  sec  after  the  injection  was 
used  for  all  blood  flow  calculations  (5-8). 
The  cardiac  output  was  measured  by  the 
conventional  dye  dilution  technique  (9)  im- 
mediately prior  to  the  injection  of  the  ^^K. 
Cardiac  arrest  was  produced  by  a  rapid  injec- 
tion of  saturated  magnesium  sulphate  into 
the  inferior  vena  cava  and  this  enabled  re- 
moval of  3-5  cm  sleeves  of  intestine  for  ^%L 
assay  from  the  third  part  of  the  duodenum. 


the  jejunum  (10  cm  distal  to  the  ligament  of 
Trietz),  and  the  distal  ileum  (30  cm  proximal 
to  the  ileo-caecal  valve).  Additional  3-5  cm 
sleeves  of  intestine  were  also  taken  from  the 
jejuno-ileum  in  eight  of  these  dogs.  The  mes- 
entery and  excess  fat  were  removed,  the  in- 
testine tissue  weighed  and  then  ^^K  was  mea- 
sured in  a  Baird  atomic  y-well  counter. 

All  animals  were  studied  under  anesthesia 
with  no  attempt  to  vary  the  intestinal  blood 
flow.  Seven  dogs  were  studied  without  prior 
laparotomy  but  eleven  dogs  had  a  midline 
laparotomy  to  enable  identification  of  intes- 
tinal regions  before  the  blood  flow  measure- 
ments were  made.  In  these  dogs,  the  midline 
incision  was  held  closed  by  metal  clips  to 
permit  rapid  removal  of  intestinal  tissue  fol- 
lowing cardiac  arrest. 

Results,  Table  I  shows  the  blood  flow  per 
1(X)  g  tissue  in  the  intestine  of  the  18  dogs 
studied.  On  a  two-way  analysis  of  variance 
there  was  a  significant  difference  of  blood 
flow  in  the  duodenal,  jejunal  and  distal  ileal 
sites  (P  <  0.01),  and  on  SchefTe  multiple 
comparison  tests  the  mean  blood  flow  in  the 
distal  ileum  was  significantly  lower  than  in 
the  duodenal  site  {P  <  0.05)  or  jejunal  site 
(P  <  0.05).  There  was  no  significant  differ- 
ence of  blood  flow  between  the  duodenal  and 
jejunal  sites.  In  the  8  studies  in  which  jejuno- 
ileal blood  flow  was  also  measured,  the  mean 
blood  flow  in  the  distal  ileum  was  signifi- 
cantly lower  than  in  the  jejuno-ileal  site  (P 

<  0.01).  Blood  flow  in  the  jejuno-ileal  site 
was  lower  than  in  either  the  duodenal  or 
jejunal  sites  but  this  difference  was  not  sig- 
nificant {P  >  0.05). 

In  the  18  studies  the  mean  intestinal  blood 
flow  to  all  sites  was  significantly  higher  (P 

<  0.05)  in  those  with  cardiac  output  >  10 
ml/min  per  100  g.  This  is  reflected  by  a 
generally  higher  blood  flow  to  specific  intes- 
tinal regions  in  the  seven  dogs  without  lapa- 
rotomy since  the  cardiac  output  was  some- 
what higher  in  these  animals  (14.1  ml/min 
per  100  g,  s.d.  3.2  ml)  than  in  the  1 1  with 
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TABLE  I.  Intestinal  Blood  Flow  Measured  by  the  Indicator  Fractionation  Technique  in 
Anesthetized  Dogs  (ml/min  per  100  g  Intestinal  Tissue). 


Cardiac 

output 

(ml/min  per  100 

Dog  No. 

gbodywt) 

Duodenum 

Jejunum 

Jejuno-ileum 

Disul-ileum 

No  laparotomy  prior  ^^K 

injection 

I 

11.0 

58 

59 

30 

2 

9.6 

60 

59 

42 

3 

14.3 

68 

72 

47 

4 

13.5 

71 

70 

48 

5- 

18.8 

78 

80 

175 

6 

16.6 

92 

92 

64 

7 

15.0 

99 

93 

47 

;i/-7  Mean  (s.d.) 

14.1 

(3.2) 

75  (16) 

75  (14) 

65  (49) 

1 5*  excluded: 

lean  (s.d.) 

13.3 

(2.6) 

75  (17) 

74  (15) 

46(11) 

Laparotomy  prior  to  ^^K 

injection 

8 

7.1 

36 

36 

25 

21 

9 

7.6 

39 

35 

33 

31 

10 

9.2 

41 

43 

44 

37 

11 

7.5 

46 

48 

32 

12 

6.5 

47 

45 

44 

35 

13 

8.0 

53 

61 

57 

34 

14 

6.6 

56 

50 

45 

38 

IS 

11.8 

56 

73 

38 

16 

10.7 

64 

75 

57 

42 

17 

11.8 

78 

76 

71 

42 

18 

15.0 

103 

110 

52 

;i^/^Mean(s.d.) 

9.3 

(2.7) 

56  (20) 

59  (23) 

47  (14) 

37(8) 

'  Deal  sample  heavily  bile  stained  (see  text). 


ux>tomy  (9.3  ml/min  per  100  g,  s.d.  2.7 

Q  these  studies  only  one  animal  (Dog  S) 
I  a  large  amount  of  bile  in  the  distal  ileum, 
I  this  was  the  only  animal  in  which  blood 
¥  in  the  distal  ileum  was  greater  than  in 
ler  the  duodenal  or  jejunal  sites.  If  this 
mal  was  excluded  from  analysis,  then  the 
ierence  between  blood  flow  in  the  distal 
1  site  and  the  duodenal  or  jejunal  sites  was 
n  more  significant  {P  <  0.001). 
Tiscussion.  The  experiments  show  that 
en  intestinal  blood  flow  is  measured  under 
ai  conditions  in  the  dog  there  is  a  definite 
dient  of  blood  flow  down  the  intestine. 
iw  is  highest  in  the  duodenum  and  je- 
um,  and  diminishes  progressively  in  the 
mo-ileum  and  distal  ileum.  In  the  distal 
mi  the  mean  flow  is  only  65%  of  that  in 
duodenum  or  jejunum.  This  gradient  was 
crved  whether  or  not  the  abdomen  had 
n  opened  prior  to  the  measurement.  In 
\  dog  the  blood  flow  gradient  was  reversed, 
disUi  ileum  having  more  than  twice  the 
cxl  flow  (per  unit  weight)  of  the  duodenum 
I  jejunum.  In  this  study,  bile  was  observed 


in  the  lumen  of  the  distal  ileum,  and  since 
bile  salts  are  absorbed  in  this  region  by  a 
highly  specific,  energy  dependent,  active 
transport  mechanism  (10)  it  is  possible  to 
speculate  that  bile  salts  may  stimulate  blood 
flow  in  this  region. 

In  the  seven  studies  in  which  laparotomy 
was  not  performed,  the  duodenal  and  jejunal 
blood  flow  averaged  75  ml  (s.d.  14)  per  min 
for  100  g  tissue.  This  is  very  similar  to  the 
figure  of  72  ml/min  reported  by  Delaney  (11) 
in  dogs  and  the  68  ml/min  noted  by  Ross 
(12)  in  cats.  In  the  1 1  basal  studies  in  which 
laparotomy  had  been  performed,  the  duo- 
denal and  jejunal  blood  flows  averaged  58  ml 
(s.d.  21)  per  min  for  100  g  tissue.  This  reduc- 
tion in  intestinal  blood  flow  is  of  the  same 
magnitude  as  the  reduction  in  gastric  blood 
flow  noted  by  Delaney  and  Grim  (13)  as  an 
effect  of  laparotomy.  The  blood  flow  figure 
of  58  ml/min  per  100  g  when  the  abdomen 
had  been  opened  is  very  similar  to  the  figure 
of  60  ml/min  per  100  g  noted  by  Grim  (14) 
using  a  direct  bleed-out  technique  in  isolated 
loops  of  intestine  in  the  dog. 

In  previous  studies  several  authors  (3-5) 
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have  not  observed  a  blood  flow  gradient 
down  the  intestine  when  measurements  were 
made  under  basal  conditions.  However,  these 
papers  are  a  little  misleading,  since  Good- 
head  (5)  did  observe  differences  but  was  not 
able  to  demonstrate  statistical  signiflcance 
because  his  measurements  showed  a  s.d.  of 
50%.  In  the  paper  by  Delaney  and  Custer  (4) 
the  blood  flow  was  measured  in  only  two 
sites,  the  duodenum  and  the  rest  of  the  small 
intestine  as  a  whole;  in  these  sites  the  blood 
flow  figures  of  70  ml  and  72  ml/min  per  100 
g  tissue  were  not  significantly  different.  Since 
blood  flow  in  the  jejunum,  jejuno-ileum  and 
distal  ileum  was  not  measured  separately,  the 
differences  which  we  report  might  well  have 
been  obscured.  Finally,  the  study  of  Grim 
and  Lindseth  (3)  measured  jejunal  and  ileal 
blood  flow  by  direct  collection  of  venous 
outflow  from  isolated  loops  of  intestine.  The 
operative  manipulations  involved  in  prepar- 
ing an  isolated  loop,  and  in  particular  the 
cannulation  of  blood  vessels  may  have  mod- 
ified blood  flow  and  thus  prevented  differ- 
ences from  being  observed. 

Whatever  the  problems  may  have  been  in 
these  earlier  studies,  the  data  presented  in 
this  current  paper  clearly  support  the  obser- 
vation of  Geber  (1)  and  Steiner  and  Mueller 
(2)  that  under  basal  conditions  there  is  a 
blood  flow  gradient  down  the  intestine,  with 


blood  flow  (per  unit  weight)  highest  in  the 
duodenum  and  lowest  in  the  distal  ileum. 

This  work  has  been  supported  by  grants  from  the 
Medical  Research  Council  of  New  Zealand  and  the 
Golden  Kiwi  Medical  Distribution  Committee.  We 
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Biostatistician,  for  assistance  with  the  statistical  analyses. 
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citrate  metabolism  in  rat,  dog  and 
)ears  to  be  a  pH  dependent  reaction 
I  addition  to  the  role  played  by  pH 
e  data  indicating  that  renal  citrate 
ism  is  afTected  by  bicarbonate  ions 
from  any  effect  on  blood  pH.  Simp- 
for  example,  has  demonstrated  that 
>tic  dogs  increasing  the  bicarbonate 
ation  isohydrically  raises  the  renal 
learance.  Potassium  ions  also  appear 
iportant  in  controlling  renal  citrate 
ism  since  hypokalemia  decreases 
rate  clearance  (S).  By  contrast,  acute 
ration  of  KCl  although  increasing 
itrate  does  not  appear  to  alter  renal 
ontent  or  excretion  (6).  Thus,  both 
late  and  potassium  seem  to  regulate 
letabolism  but  the  interrelationships 
them  are  unknown.  To  study  this 
the  blood  bicarbonate  concentration 
xed  isohydrically  in  normokalemic, 
illy  hypokalemic  and  acutely  hyper- 
rats  and  renal  citrate  content  and 
citrate  excretion  measured.  The  re- 
•w  that  bicarbonate,  separate  from  its 
L  blood  pH,  alters  renal  citrate  metab- 
aU  levels  of  serum  potassium. 
}ds.  Intact  male  Sprague-Dawley  rats 
g  350-500  g  were  anesthetized  with 
md  prepared  surgically  as  previously 
d  (7).  Unless  otherwise  noted  animals 
used  intravenously  with  2. 1  ml  saline 
r  and  ventilated  with  a  gas  mixture 
ng  30%  oxygen  and  70%  nitrogen.  In 
riments  a  60  min  control  period  was 
I  by  a  150  min  experimental  period, 
re  sacrificed  by  exsanguination  from 
ominal  aorta  into  a  heparinized  sy- 
enal  cortical  tissue  was  removed  and 
frozen  in  liquid  nitrogen  for  citrate 
as  previously  described  (5).  Each 
urine  was  filtered  and  analyzed  for 
le  and  citrate. 
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Normokalemic  experiments.  Following  the 
control  period,  rats  were  divided  into  three 
bicarbonate  groups.  The  unchanged  bicar- 
bonate group,  was  ventilated  with  a  30%  ox- 
ygen-70%  nitrogen  gas  mixture  at  a  rate  of 
120/min  and  a  tidal  volume  of  2.0  ml  while 
receiving  2.1  ml  of  saline  per  hr.  The  lowered 
bicarbonate  group  was  hyperventilated  with 
the  30%  oxygen-70%  nitrogen  gas  mixture  at 
a  ventilatory  rate  of  140/min  and  a  tidal 
volume  of  2.25  ml.  Simultaneously,  the  ve- 
nous infusate  was  changed  to  0.2  N  HCl  in 
saline  given  at  approximately  2.1  ml/hr.  The 
elevated  bicarbonate  group,  was  ventilated 
with  a  10%  carbon  dioxide,  30%  oxygen,  60% 
nitrogen  gas  mixture  at  a  rate  of  120/min  and 
a  tidal  volume  of  2.0  ml.  Simultaneously,  the 
venous  infusate  was  changed  to  a  0.35  M 
sodium  bicarbonate  solution  given  at  approx- 
imately 2. 1  ml/hr.  Mean  total  sodium  admin- 
istered to  the  normal,  lowered  and  elevated 
bicarbonate  groups  in  the  experimental  pe- 
riod was  1 .28, 1 .28  and  1 .46  mEq  respectively. 
In  aU  groups  0.2  ml  blood  samples  were  taken 
at  15  min  intervals  for  the  first  hour  of  the 
experimental  period  to  ascertain  constancy  of 
blood  pH.  This  was  not  done  in  aU  animals 
once  the  procedure  had  been  standardized. 
This  same  protocol  was  employed  in  hypo- 
kalemic and  hyperkalemic  animals.  Other 
normokalemic  rats  were  prepared  in  the  same 
manner  but  acute  respiratory  acidosis  was 
induced  by  ventilation  with  10%  carbon  diox- 
ide, 30%  oxygen  and  60%  nitrogen  mixture. 

Chronic  hypokalemia  protocol.  Rats  were 
placed  on  a  low  potassium,  low  sodium  diet 
(obtained  from  Nutritional  Biochemical  Cor- 
poration, Cleveland,  OH).  Animals  were  al- 
lowed water  containing  75  mEq/liter  of  so- 
dium bicarbonate  ad  libitum  during  the  entire 
study.  Rats  were  maintained  on  this  diet  for 
15  days.  On  each  of  days  8  through  12  rats 
were  given  2  mg  of  furosemide  intraperito- 
neally. 

Acute  hyperkalemia  protocol.  Rats  were 
tube  fed  twice  on  the  day  prior  to  the  proce- 
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dure  and  once  on  the  morning  of  the  experi- 
ment. Each  feeding  consisted  of  2  ml  of  1 
mg/ml  triamterene  solution  and  10  ml  of  a  S 
mEq/liter  potassium  chloride  solution  in  S% 
dextrose  and  water.  In  addition,  a  solution 
containing  S  mEq/liter  potassium  chloride 
was  given  intravenously  during  the  experi- 
mental period  at  6.0  ml/hr. 

Analytic  methods.  Arterial  pH  and  pC02 
were  measured  in  a  Radiometer  BMS3  MK- 
2  blood  microsystem  and  bicarbonate  calcu- 
lated from  a  nomogram.  Renal  cortical  citrate 
content,  blood  citrate,  and  urinary  citrate 
were  measured  enzymatically  employing  cit- 
rate lyase  (8).  Electrolytes  and  urinary  creat- 
inines were  determined  by  flame  photometry 
and  standard  autoanalyzer  techniques. 

Results.  Blood  acid-base  and  potassium  val- 
ues (Table  I).  The  mean  serum  potassium 
concentration  of  the  24  normokalemic  rats 
shown  in  Table  I  was  4.3  ±  0.4  mEq/L  in  the 
control  period.  Control  blood  pH  values  did 
not  differ  among  the  three  isohydric  normo- 
kalemic bicarbonate  groups  and  the  pH  did 
not  significantly  change  in  the  experimental 
period  (P  >  0.4).  The  blood  pH  of  the  hy- 
pokalemic and  hyperkalemic  rats  also  did  not 
significantly  differ  among  the  three  isohydric 
groups  (P  >  0.4)  and  there  were  no  significant 
differences  between  the  control  and  experi- 
mental period  pH  values  in  any  group  (P  > 
O.S).  The  change  in  bicarbonate  concentra- 
tion in  the  lowered  and  elevated  bicarbonate 
groups  in  each  of  the  three  potassium  states 
was  highly  significant  (P  <  .001)  at  the  same 


time  bicarbonate  concentration  did  not  sig- 
nificantly alter  in  the  unchanged  groups  (P 
>  0.1).  Serum  potassium  concentration  in  the 
26  hypokalemic  and  19  hyperkalemic  rats 
during  the  control  period  was  1.8  ±  0.4  and 
7.0  ±  0.4  mEq/L  respectively. 

Effect  of  bicarbonate  concentration  on  blood 
citrate  concentration.  Isohydric  changes  in 
blood  bicarbonate  did  not  afiect  the  blood 
citrate  concentration.  As  shown  in  Table  1 
although  blood  citrate  rose  in  the  experimen- 
tal period  in  aU  the  normokalemic  and  hy- 
pokalemic bicarbonate  groups  there  were  no 
difierences  in  blood  citrate  among  these 
groups  in  the  experimental  period  (P  >  0.2). 
In  hyperkalemic  rats  blood  citrate  did  not 
rise  in  the  experimental  period  (P  >  O.S)  and 
there  were  no  differences  between  groups  at 
the  end  of  the  experimental  period  (P  >  0.4). 

Effect  of  respiratory  acidosis  on  renal  citrate 
content.  Acute  respiratory  acidosis  was  in- 
duced in  six  normokalemic  rats.  Blood  pH 
fell  from  7.42  ±  .02  to  7.06  ±  .02  with  the 
acute  elevation  of  pC02  from  3S  ±  2  to  70 
±  2  nmiHg  and  blood  bicarbonate  remained 
unchanged  at  22.S  ±  2.2  mEq/L  in  the  con- 
trol period  and  20.6  ±  2.6  mEq/L  during  the 
acidotic  period.  Renal  cortical  citrate  content 
was  0.132  ±  0.009  /xmole/g  in  the  acidotic 
rats  compared  to  0.232  ±  0.03S  /imoles/g  in 
the  normokalemic  rats  with  unchanged  bicar- 
bonate. 

Effect  of  bicarbonate  concentration  on  rend 
citrate  content.  Renal  citrate  content  in  nor- 
mokalemic rats  with  unchanged  bicarbonate 


TABLE  I. 

Blood  Values  in  Normokalemic, 

Hypokalemic 

AND 

Hyperkalemic  Rats*. 

Bicarbonate 

mEq/L 

Arterial  pH 

Citrate  /imoles/ml 

Group  (n)* 

Com. 

Exp. 

Com. 

Exp. 

Cont.                   Exp. 

Normokalemic 

U(7) 

L(10) 

E(7) 

Hypokalemic 

U(9) 

L(ll) 

E(7) 

Hyperkalemic 

U(6) 

L(7) 

E(6) 


25.0  ±  1.4 

21.0  ±2.4 
21.5  ±  1.5 

31.1  ±3.3 
37.9  ±  3.5 

34.2  ±  1.3 

21.4  ±2.0 

23.5  ±  0.8 
20.7  ±  2.7 


24.3  ±  1.6 
10.9  ±  2.8*^ 

44.3  ±  5.6^ 

27.0  ±  2.9 

21.7  ±4.r 

59.8  ±  3.  r 

19.9  ±  2.4 

13.4  ±  i.r 
43.9  ±  5.4' 


7.35  ±  0.04 

7.36  ±  0.05 
7.39  ±  0.02 

7.53  ±  0.09 
7.51  ±0.07 
7.51  ±0.04 

7.27  ±  0.04 

7.28  ±  0.05 

7.29  ±  0.05 


7.34  ±  0.05 
7.33  ±  0.05 
7.40  ±  0.03 

7.52  ±  0.09 
7.52  ±  0.06 
7.46  ±  0.06 

7.27  ±  0.05 
7.27  ±  0.05 
7.31  ±0.03 


0.076  ±  0.020 
0.069  ±  0.026 
0.081  ±  0.029 

0.104  ±0.045 
0.089  ±  0.028 
0.091  ±  0.036 

0.057  ±  0.028 
0.076  ±  0.034 
0.049  ±  0.028 


0.109  ±0.038 
0.1 16  ±0.039 
0.132  ±0.060 

0.134  ±0.057 
0.144  ±0.060 
0.120  ±0.082 

0.060  ±  0.022 
0.075  ±0.037 
0.069  ±a024 


"  All  values  are  expressed  as  the  mean  ±  SEM.  Cont.  is  control  period,  exp.  the  experimental  period. 
^  Numbers  in  parentheses  refer  to  number  of  animals  in  each  group.  U  is  unchanged,  L,  lower^  and  E,  elevated 
bicarbonate  groups. 

'  Significantly  different  from  control  (P  <  0.01). 
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32  ±  0.03S  /xmoles/g  compared  to 
f  0.145  ±  0.016  (P  <  .01)  and  0.199 
(P  >  0.2)  in  hypokalemic  and  hyper- 
michanged  groups  respectively.  As 
a  Fig.  1  at  each  level  of  plasma  po- 
raising  the  bicarbonate  isohydrically 
d  renal  citrate  content  sigmficantly 
)01).  Lowering  the  bicarbonate  con- 
)n,  however,  significantly  decreased 
trate  content  only  in  the  normoka- 
'  <  0.02)  and  acutely  hyperkalemic 
c  0.005). 

of  bicarbonate  concentration  on  urine 
ccretion.  While  increased  bicarbonate 
fine  citrate  excretion  at  each  level  of 
m  (Fig.  2)  statistically  significant  in- 
were  noted  only  when  the  lowered 
ated  bicarbonate  groups  at  each  po- 
level  were  compared  (P  <  .01).  Fig- 
to  shows  that  as  was  found  with  the 
trate  content  the  greatest  absolute 
in  urinary  citrate  excretion  occurred 
evated  bicarbonate  groups.  Respira- 
losis  without  change  in  blood  bicar- 
ad  no  effect  (P  >  0.4)  on  urine  citrate 
1  with  1.48  ±  0.47  /xmoles/mg  Crt 
d  to  1.62  ±  0.6  /xmoles/mg  Crt  in 
demic  unchanged  bicarbonate  rats. 
mon.  The  present  experiments  clearly 
It  bicarbonate's  effect  on  renal  citrate 
ism,  separate  from  pH,  is  operative  at 
na  potassium  levels.  These  results 
the  work  of  Simpson  who  earlier 
that  isohydric  increases  in  bicarbon- 
entration  raised  the  urinary  citrate 
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Renal  citrate  content  in  hypokalemic,  nor- 
\  and  hyperkalemic  rats.  The  white  bars  rep- 
eied  bicarbonate,  the  black  bars  unchanged 
e,  and  the  hatched  bars  elevated  bicarbonate 
ati  at  each  potassium  level  Each  bar  indicates 
bSEM. 


HYPOKALCMC 


NOMMOKALCMC 


HYPCMULEMC 


Fig.  2.  Urine  citrate  excretion  in  hypokalemic,  nor- 
mokalemic,  and  hyperkalemic  rats.  The  white  bars  rep- 
resent lowered  bicarbonate,  the  black  bars  unchanged 
bicarbonate,  and  the  hatched  bars  elevated  bicarbonate 
groups  of  rats  at  each  potassium  level.  Each  bar  indicates 
the  mean  ±  SEM. 

clearance  of  alkalotic  dogs  (4).  However, 
Simpson  was  unable  to  demonstrate  a  similar 
effect  in  addotic  dogs.  Our  data  suggest  that 
his  inability  to  demonstrate  any  effect  of 
changes  in  bicarbonate  concentrations  in  aci- 
dosis is  due  to  the  already  markedly  de- 
creased urinary  citrate  clearance  in  acidosis 
and  thus  inability  to  separate  the  subgroups. 
Thus,  in  our  experiments  the  reduction  in 
urinary  citrate  excretion  induced  by  lowering 
bicarbonate  in  normokalemic  rats  was  not 
statistically  significant  while  at  the  same  time 
renal  cortical  citrate  content  did  decrease  sig- 
nificantly in  these  same  animals.  Similar  re- 
sults were  seen  in  the  hyperkalemic  rats 
where  lowering  the  bicarbonate  concentra- 
tion significantly  reduced  renal  citrate  con- 
tent but  not  urinary  citrate  excretion.  Only  in 
hypokalemia  was  a  reduction  in  bicarbonate 
not  associated  with  a  significant  decrease  in 
renal  citrate  content.  This  may  be  a  conse- 
quence of  the  already  significantly  reduced 
cortical  citrate  content  induced  by  hypokale- 
mia. 

The  renal  citrate  content  of  normokalemic 
rats  with  lowered  bicarbonate  is  almost  iden- 
tical to  that  found  in  rats  with  pure  respira- 
tory acidosis  and  a  constant  bicarbonate  con- 
centration. Thus,  renal  citrate  content  fell  to 
0.132  /xmoles/g,  a  value  not  significantly  dif- 
ferent from  the  0.1 35  /xmoles/g  measured  in 
the  lowered  bicarbonate  normokalemic  rats 
or  the  0.14S  /xmoles/g  values  seen  in  the 
unchanged  hypokalemic  rats.  Thus,  acidosis 
without  a  change  in  bicarbonate  reduces 
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renal  cortical  citrate  content  to  the  same  ex- 
tent as  does  hypokalemia  or  an  isohydric 
reduction  in  bicarbonate  concentration. 

The  experiments  also  show  that  urinary 
citrate  excretion  increased  when  the  bicar- 
bonate concentration  was  elevated.  This  ef- 
fect, which  was  demonstrable  in  each  of  the 
three  potassium  states,  could  be  due  to  an 
increased  filtered  load  of  citrate,  increased 
renal  citrate  production,  or  decreased  renal 
tubular  citrate  reabsorption  and  utilization. 
Since  bicarbonate  elevation  did  not  alter 
blood  citrate  levels,  and  as  urinary  citrate 
excretions  were  calculated  per  unit  of  creati- 
nine excreted  thereby  correcting  for  any 
changes  in  GFR,  the  increased  urinary  citrate 
cannot  be  due  to  an  increase  in  filtered  load. 
It  is  also  unlikely  that  increased  renal  citrate 
production  is  responsible  for  the  increased 
urinary  citrate.  Citrate  is  primarily  produced 
in  intestine  and  bone  (9)  and  is  utilized  rather 
than  produced  by  the  kidney.  Indeed,  in  nor- 
mal acid  base  and  potassium  states  renal 
citrate  utilization  contributes  approximately 
10%  of  renal  energy  needs  (10).  Also,  a  variety 
of  experiments  have  been  unable  to  demon- 
strate citrate  secretion  by  the  mammaUan 
tubule  (2).  It  is  probable,  therefore,  that  the 
increase  in  urinary  citrate  is  due  to  decreased 
renal  tubular  reabsorption  and  utilization. 
Previous  clearance  studies  performed  in  al- 
kalosis support  this  conclusion  (11).  In  addi- 
tion, it  has  been  shown  that  although  incu- 
bation of  renal  cortical  slices  at  varying  bi- 
carbonate concentrations  does  not  dter  cit- 
rate decarboxylation  if  medium  pH  is  held 
constant  (12),  citrate  decarboxylation  by  mi- 
tochondria does  vary  inversely  with  the  bi- 
carbonate concentraiton.  From  the  work  of 
Simpson  (13)  it  has  been  felt  that  bicarbonate 
directly  reduces  mitochondrial  citrate  utili- 
zation by  decreasing  the  transport  of  citrate 
into  the  mitochondrion.  However,  the  recent 
work  of  Robinson  et  al.  (14)  demonstrated 
that  the  decrease  in  mitochondrial  citrate  uti- 
lization was  due  rather  to  bicarbonate  in- 
creasing citrate  efflux  from  the  mitochondria. 
At  high  bicarbonate  concentration,  therefore, 
less  citrate  would  be  metabolized  and  avail- 
able for  excretion.  It  seems  that  the  intact 
animals  behave  in  a  fashion  similar  to  mito- 
chondria. 

In  conclusion,  the  present  experiments  add 


to  the  growing  body  of  data  which  show  that 
bicarbonate  ions,  separate  from  their  effect 
on  pH,  alter  and  regulate  metabolic  activity 
(IS,  16).  This  may  help  explain  the  greater 
renal  anmioniagenesis  found  in  metaboUc 
acidosis  when  compared  to  an  identical  de- 
gree of  respiratory  acidosis  (17).  The  results 
thus  emphasize  the  need  to  control  both  the 
pH  and  the  bicarbonate  concentration  in  bi- 
ological experiments. 

Summary,  Isohydric  alteration  of  the  blood 
bicarbonate  concentration  in  normokalemic, 
chronically  hypokalemic,  and  acutely  hyper- 
kalemic  rats  did  not  affect  blood  citrate  con- 
centration. However,  both  renal  citrate  con- 
cent and  urinary  citrate  excretion  increased 
in  the  elevated  bicarbonate  groups  at  all  po- 
tassium levels.  Thus,  bicarbonate,  independ- 
ent of  its  efTect  on  pH,  affects  renal  citrate 
metabolism  regardless  of  the  serum  potas- 
sium level. 
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;  generaUy  accepted  that,  during  the 
of  prophylaxis  with  chemoprophylac- 
nts,  the  host  remains  protected  against 
imediate  infection,  as  well  as  against 
infections.  However,  it  has  been  de- 
l  how  Trypanosoma  congolense  "broke 
h  the  protective  cover"  of  prophylactic 
ithridium  compounds,  inducing  an  in- 
ent  type  of  infection  in  the  protected 
[;  characteristically,  these  "break- 
h"  strains,  when  transferred  to  un- 
[  animals,  lead  to  a  mortal  infection  as 
f  as  the  original  trypanosome  strain  (1). 
diamidine  (98/202)  of  2-phenyl-thion- 
ne  (2),  in  subcutaneous  doses  of  1(X) 
protected  mice  inoculated  20  days 
fiih  mukiple  lethal  doses  of  Trypano- 
enezuelense]  when  the  reactivity  of  the 
:ed  mice  to  reinoculation  was  tested  1 
3nths  later,  they  developed  an  inter- 
i  parasitaemia  beginning  the  next  3-4 
followed  by  death  (3).  The  consider- 
;lay  in  the  development  of  the  parasi- 
and  its  intermittent  form  we  attribute 
sidual  prophylactic  action  of  the  drug, 
le  corollary  that  the  inoculum  injected 
an  assumed  period  of  protection  may 
p  much  later  into  a  lethal  infection, 
lypothesis  that  the  inoculation  may 
i  latent  infection  in  the  presence  of  the 
^lactic  drug  without  manifesting  a  de- 
e  parasitaemia,  and  that  the  chemo- 
Butic  prophylaxis  is  not  an  aU-or-none 
nenon,  has  been  investigated. 
erials  and  methods,  T.  venezuelense,  (T. 
,  isolated  by  Dr.  Raul  Hernandez  from 
of  equine  "derrengadera"  in  1969,  was 
.ined  since  through  mouse  passages  in 
x)ratory  and  used  for  various  chemo- 
Butic  studies.  Its  virulence  for  mice  and 
as  repeatedly  titrated:  inocula  above 
rasites  killed  95%  of  the  injected  ani- 
1  a  time  interval  (7-16  days)  varying 
ing  to  the  heaviness  of  the  inoculum, 
andard  ip  inoculum  of  S  x  10^  para- 
s  used  in  the  present  study,  induced 


detectable  parasitaemia  within  24  hr  in  63  ± 
3%,  within  48  h  in  90  ±  2%,  within  72  hr  in 
94  ±  1.6%  of  mice.  The  progressive  parasitae- 
mia terminated  in  death  3-6  days  after  its 
appearance.  The  rats  were  as  sensitive  as  mice 
to  the  standard  inoculum  containing  S  X  10^ 
trypanosomes:  parasitaemia  appeared  in  96 
±  1%  of  the  animals  within  24-72  hr,  increas- 
ing progressively  until  death  which  occurred 
1-7  (av.  5.4)  days  later. 

In  the  chemoprophylactic  experiments,  the 
sc  injection  of  these  drugs  to  groups  of  14-3S 
mice  or  rats  was  followed  at  various  periods 
by  the  ip  inoculation  with  5  X  10^  trypano- 
somes. During  the  first  period  (2-3  weeks) 
after  inoculation,  daily  observations  were 
made,  if  the  animals  showed  no  parasitaemia 
during  this  interval,  the  observations  were 
reduced  to  alternate  days. 

The  infectivity  of  a  selected  number  of 
mice  and  rats  was  tested  by  transferrring 
blood,  and  spleen  and  liver  macerates  sus- 
pended in  saline,  to  groups  of  4-5  mice.  Oc- 
casionaUy,  after  a  certain  period  of  clearance 
the  animals  were  reinfected  with  the  standard 
inoculum  and  further  observed  for  the  devel- 
opment of  parasitaemia. 

Results,  Continuous  observation  of  the  in- 
fection in  95  mice  pretreated  with  98/202 
(five  experiments)  revealed  that  the  parasite- 
free  period  is  drug  concentration  dependent, 
since  it  varied  as  a  function  of  the  dosage  if 
injected  at  the  same  time  before  inoculation, 
and,  when  the  same  dose  was  given,  it  de- 
creased with  the  interval  from  the  pretreat- 
ment.  Thus,  groups  of  mice  inoculated  20 
days  after  pretreatment  with  100  mg/kg 
98/202,  remained  parasitefree  for  106-121 
days,  for  26-41  days  with  75  mg/kg,  and  for 
10-13  days  with  25  mg/kg;  inoculation  55 
days  after  pretreatment  demonstrated  that  75 
mgAg  and  25  mg/kg  of  98/202  did  not  retard 
the  appearance  of  the  parasites,  although  the 
treatment  often  delayed  their  multiplication 
and  the  time  of  death  (Table  I).  Four  mice 
inoculated  8  days  after  ^teU^^.Ussft»J.^^r^&5BLVL 
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mgAg  98/202  remained  parasitefree  for  8-14 
days  and  died  17-24  days  after  inoculation; 
with  the  same  pretreatment,  the  inoculation 
after  25  days  did  not  alter  significantly  the 
first  appearance  of  the  parasitaemia,  yet  it 
depressed  its  progression  rate  and  in  2/4  an- 
imals delayed  by  10  days  the  time  of  death 
compared  to  the  controls  (which  died  in  7-8 
days).  The  latent  infection  has  been  con- 
firmed in  a  number  of  experiments  by  the 
infectivity  of  the  organs  (spleen,  liver,  blood) 
of  apparently  parasitefree  animals.  The  vir- 
ulence of  the  parasites  transferred  from  the 
intermittent  infection  following  the  parasite- 
free period  was  not  modified  in  comparison 
to  the  strain  used  for  inoculation. 

Similar  results,  even  though  the  clearing 
period  remained  shorter,  were  obtained  with 
pentamidine  in  four  experiments  including 
108  mice.  Doses  as  high  as  7S  mg/kg  injected 
6  days  before  the  inoculation  of  the  trypan- 
osomes  maintamed  the  majority  of  the  ani- 
mals parasitefree  for  13-26  days,  after  which 
the  infection  ran  its  fatal  course.  In  10  mice 
inoculated  7  days  after  pretreatment  with  40 


TABLE  I.  False  Prophylaxis  with  2-Phenyl- 

ThIONAPHTENE  DLUbllDINE  (98/202)  IN  THE 

Trypanosoma  venezuelense  Infection  of  Mice 
(Same  Dose,  Different  Intervals;  Exp.  No.  8). 


98/202 
(mg/kg.  sc) 


"^ 


Mouse 

No. 


Inocula- 
tion of  T. 
venezue- 
lense on 
day 


First  appear- 
ance ofpar- 

asitaemia 

(days  after 
inoculation)  Died 


75 

199 

9 

38 

46 

75 

201 

9 

24 

45 

(Controls)  0 

213-224 

9 

i;2 

3;4 

75 

203 

23 

25 

41 

75 

204 

23 

22 

61 

(Controls)  0 

251-252 

23 

i;2 

4;4 

75 

211 

55 

2 

24 

75 

213 

55 

I 

2 

75 

214 

55 

2 

7 

75 

215 

55 

1 

3 

(Controls)  0 

290-291 

55 

i;2 

4;5 

mgAg  pentamidine,  the  appearance  of  par- 
asitaemia  was  delayed  by  av.  4  days  (min.  0; 
max.  10)  compared  to  the  not  pretreated  con- 
trols. The  progression  of  the  parasitaemia 
until  death  was  slowed  down  also:  the  con- 
trols died  in  S-6  days;  the  pretreated  ones,  in 
av.  13.S  days  (min.  13;  max.  20).  Inoculation 
10  days  after  pretreatment  with  40  mgAg 
pentamidine,  delayed  the  appearance  of  the 
parasites  in  1/10  mice  only;  6/10  died  with  a 
delay  of  9-11  days.  Table  II  illustrates  an 
experiment  with  pentamidine.  These  phe- 
nomena became  magnified  by  using  rats  for 
the  prophylactic  treatment  with  pentamidine: 
inoculation  6  days  after  treatment  with  20 
mgAg  gave  the  impression  of  prophylaxis  for 
37.6  days,  which  by  inoculation  1 1  days  after 
pretreatment  was  reduced  to  26.2  days  (Table 
III).  In  one  rat  of  the  former  group  (No.  170) 
the  intermittent  infection  was  detected  only 
in  a  single  observation  made  49  days  after 
inoculation;  this  rat  reinoculated  26  days 
later,  developed  a  progressive  infection  after 
3  weeks,  which  counted  from  the  day  of 
pretreatment,  represents  a  protection  of  3 
months  duration. 

However,  pentamidine  and  98/202  as  well 
as  other  diamidines  possess  high  clearing  ac- 
tion without  curative  effect  in  the  T,  venezue- 
lense infection  of  mice  and  these  observations 
could  be  attributed  to  the  specific  nature  of 
the  drugs,  rather  than  to  the  manifestation  of 
a  general  phenomenon.  In  the  chemothera- 
peutic  experiments,  by  sc  injection  of  the 
drugs  48  hr  after  inoculation,  the  clearing 
dose  (EDso)  was  1.2S  mgAg  for  98/202,  I 
mg/kg  for  pentamidine,  and  0.7  mg/kg  for 
suramin.  The  diamidines,  as  reported  for  the 
antimonials  (4),  induced  no  cure  by  single 
administration,  which  was  obtained  with  sur- 
amin, IS  mgAg  being  its  CDso  (unpublished). 
Therefore,  the  latter  drug  witfi  definite  cura- 
tive action  against  this  infection,  has 
been  investigated  for  its  prophylactic  prop- 


TABLE  II.  False  Prophylaxis  with  PEhfTAMiDiNE  in  the  Trypanosoma  venezuelense  Infection  of  Mice. 


Pentamidine 

mg/kg  subcut 

Day  1 


Inoculation 
T.  venezue- 
lense Dxy 


Trypanosomes  appeared 


In  No.  of  mice 


Da)rs  after 
[av.  (min.-max.)] 


No.  died  inoculation 
[av.  (min.-max.)] 


37.5 

37.5 

75.0 

ConiroJs 


14/14 
8/8 
4/7* 
5/5 


15  (6-26) 

15  (7-19) 

21  (19-26) 

1.3(1-2) 


26  (16-35) 
22(15-28) 
32(24-^) 
5.4(5-7) 


'  Tbe  ultimate  fate  of  3/7  mice  negative  on  day  40  was  nol  de^enmntd. 
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trties  by  various  pretreatment  schedules  in 
nice  (Table  IV).  It  is  obvious  that,  according 
o  the  drug  concentration  in  the  host  at  the 
period  of  the  inoculation,  the  prophylactic 
iction  may  remain  temporary,  with  variable, 
)ften  very  long  delay  in  the  development  of 
the  infection,  or  else  result  in  the  complete 


destruction  of  the  parasites. 

With  suitable  dosage  schedule  of  suramin 
pretreatment,  a  protracted  period  of  false  pro- 
phylaxis was  obtained  in  rats.  Pretreatment 
with  5  mgAg  7  days  before  inoculation,  de- 
layed in  4/6  rats  the  appearance  of  parasitae- 
mia  by  av.  21  days  (min.  II;  max.  25)  and 


TABLE  in.  Prophylactic  Effect  of  Pentamidine  Against  Trypanosoma  venezuelense  in  Rats. 


Exp.  No.       No.  rats 


Pretreatment 
(mg/kg.  sc,  of  pentami- 
dine) 


First  appear 

ance  of  parasite 

Inoc- 

Death of  ani 

- 

ula- 

mal. . .  day 

tion 

after  inocula 

- 

(days) 

tion 

(5) 

2 

7 

2 

7 

5 

19 
34 

32 
44 

a 

(13) 

<3 

8 

<3 

8 

13 

23 
29 

25 
30 

h 

(6) 

2 

4 
N.D 

2 

• 

2 

2 

6 

27 

28 

40 

44 

49 

43 

40 

54 

50 

(11) 

2 

3 

2 

3 

6 

7 

7 

9 

11 

23 

23 

24 

25 

36 

32 

39 

50 

36 

43 

(3) 

1 

1 

6 

6 

3 

3 

17 
N.D 

• 

7 

(9) 

<2 

<2 

<2 

3 

2 

9 

2 

<2 

<2 

<2 

3 

2 

3 

144 


Controls  — 


145 


152 


Controls 


20 


20 


Controls  — 


20 


Controls  — 


20 


Controls  — 


10 


Controls 


10 


'  One  of  three  rat  parasitefree  during  70  days  observation. 

*  Blood  transfer  of  1/3  rat  28  days  after  inoculation  negative:  animal  cured. 

''  Rat  170  (see  text):  parasites  appeared  only  1  day;  reinfected  75  days  after  first  inoculation  became  positive  in 
^  days,  i.e.  101  days  after  pretreatment. 

*  N.D.  Not  determined;  infected  animals  used  for  different  experiments. 


TABLE  IV.  True  and  False  Prophylaxis  with  Suramin  in  the  Trypanosoma  venezuelense  Infection  of 

Mice. 


Inoculation  of  T. 

Trypanosomes  appeared 

Suramin  (ma/kg  sc)  Day 

Days  after  inoc- 

venezuelense (day) 

In  No.  mice 

ulation 

Prophylactic  effect 

Controb(0) 

20/20 

2 

1.25 

10-15 

10/10 

2-3 

None 

2.5 

7-15 

15/16 

4-5 

^None 

5.0 

7 

5/6 

13-41 

False  in  15/26 

5.0 

10 

8/15- 

24-45 

True  in  11/26 

5.0 

15 

2/5 

10-24 

10.0 

7 

1/5 

60 

True  in  4/5* 

20 

7 

0/5 

True(b) 

'  A  strain  isolated  from  mouse  No.  2495  manifesting  parasitaemia  28  days  after  inoculation  is  fully  sensitive  to 
Suramin. 
*  Transfer  of  blood  and  organs  induces  no  infection. 
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the  time  of  death  by  av.  33  days  (min.  29; 
max.  44);  2/6  rats  remained  parasitefree  dur- 
ing 44  days  observation  and  were  reinocu- 
lated:  one  developed  a  progressive  lethal  in- 
fection 4  weeks  later  (102  days  after  treat- 
ment), the  other  died,  without  showing  par- 
asitaemia.  Postponing  inoculation  to  1 1  days 
after  S  mg/kg  suramin  treatment,  in  1/S  rats 
the  infection  was  not  modified;  in  3/S,  an 
intermittent  infection  developed  after  23-44 
days,  leading  to  death  20-64  days  later.  In 
1/S  rats  a  progressive  infection  started  28 
days  after  inoculation,  terminating  with  death 
9  days  later.  Pretreatment  with  2.S  mgAg 
suramin  followed  by  inoculation  7  days  later, 
only  delayed  (4-6  days)  in  10/14  rats  the 
appareance  of  parasitaemia  with  an  intermit- 
tent infection  in  2/10.  These  10  rats  died  in 
av.  14.S  days  (min.  10;  max.  21),  compared  to 
9.7  days  (min.  7;  max.  13)  of  the  control 
animals.  The  virulence  and  the  suramin  sen- 
sitivity of  strains  recovered  after  the  tempo- 
rary protection  were  not  modified. 

Discussion,  The  lack  of  drug  sensitivity  and 
virulence  variation  of  the  parasites  recovered 
during  or  after  the  period  of  false  prophylaxis 
minimizes  the  possibility  of  biological  modi- 
fications in  the  trypanosomes  and  aUows  an 
essentially  pharmacological  interpretation. 
The  prophylactic  actions  described  can  be 
classed  in  the  following  categories:  (a)  true 
prophylaxis,  total  protection,  without  reap- 
pearance of  the  infective  organism,  and  widi- 
out  infectivity  of  the  blood  or  organs  to  other 
animals;  (b)  false  prophylaxis,  spontaneous 
reappearance  of  the  infection  at  varying  pe- 
riods after  inoculation,  time  of  reappearance 
being  a  function  of  the  dosage  and  time  of 
infection,  together  with  infectivity  of  the 
blood  and/or  organs  to  other  animals;  (c) 
with  effective  prophylactic  drugs  at  certain 
concentration  levels,  both  efTects  may  appear 
in  a  group  of  animals;  thus,  one  might  deter- 
mine the  'True  prophylactic  Doscm".  Pre- 
sumably, the  parameters  of  the  prophylactic 
effect  are  represented  by  the  antitrypanoso- 
mal action  of  the  drug  per  se,  by  the  drug 
concentration  in  the  body  at  time  of  inocula- 
tion, and  by  the  half  life  of  the  drug. 

The  intermittent  development  of  the  infec- 
tion after  its  delayed  appearance  is  no  doubt 
related  to  the  presence  in  the  host  of  residual 
drug,  which  though  insufficient  for  total  con- 


trol of  the  parasitaemia,  still  has  a  moderating 
effect  on  its  rate  of  development.  Probably 
only  when  the  drug  is  totally  eliminated  does 
the  progressive,  le&al  course  of  parasitaemia 
begin.  Circumstantial  evidence  for  the  sup- 
position that  the  reappearance  of  parasitae- 
mia in  the  prophylactically  protected  animate 
is  related  to  die  falling  dnig  concentration 
consists  in  the  correspondence  of  the  period 
of  the  reappearance  with  that  of  the  termi- 
nation of  the  protective  effect  against  inoc- 
ulation (e.g.,  7-8  weeks  with  15  mg/kg  98/ 
202).  At  least  semantically,  the  dose  and  con- 
centration ranges  leading  to  true  prophylaxis, 
which  do  not  aUow  the  survival  of  the  try- 
panosomes of  the  heavy  inoculum,  may  be 
classed  as  'trypanosomicidal",  while  those 
resulting  in  false  prophylaxis  are  *Hrypano- 
somostatic"  since  they  only  delay  the  devel- 
opment of  the  inoculum  without  destroying 
it.  This  classification  does  not  necessarily  rep- 
resent the  immediate  mechanism  involved, 
since  adjuvant  immunological  processes  and 
the  concentration/time/effect  factors  are  also 
involved  in  the  final  anti-parasitic  action. 
Thus,  in  prophylaxis,  as  in  the  chemothera- 
peutic  process  itself,  the  drug  may  have  a 
clearing  action,  with  temporary  disappear- 
ance of  the  parasitaemia,  often  accompanied 
by  an  intermittent  infection,  or  else  a  radical 
suppressive  effect,  depending  on  the  nature 
and  dosage  of  the  drug.  It  is  justified  to  ask 
to  what  degree  these  phenomena  are  related: 
our  observations  in  chemoprophylaxis  (delay, 
nonpatent  period,  intermittency)  recall  phe- 
nomena noticed  using  subcurative  doses  in 
chemotherapy.  The  duration  of  the  therapeu- 
tic clearing  effect  is  dose  dependent  and  pos- 
sibly, some  retention  of  the  drug  in  the  or- 
ganism may  be  one  of  its  determinants;  this 
is  certainly  the  case  with  temporary  protec- 
tion obtained  by  prophylactic  treatment.  It 
would  be  worthwhile  to  investigate  the  prob- 
lem of  the  therapeutic  clearing  effect  and  of 
the  false  prophylaxis  in  terms  of  the  available 
and  stored  drug  concentration  in  the  host. 

The  epidemiological  significance  of  the 
false  prophylaxis  is  obvious,  and  its  possible 
extent  in  otlier  infections,  particularly  under 
field  conditions,  should  be  taken  into  ac- 
count. 

Summary.  Prophylactic  treatment  of  Try- 
panosoma venezuelense  infections  in  mice 
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iduce  qualitatively  difTerent  effects. 
I  agents  such  as  the  diamidine  of  2- 
-thionaphthene  (98/202)  and  pentam- 
ith  limited  curative  effect  against  the 
»n,  in  protected  mice  maintained  a  long 
sfree  period,  followed  by  an  intennit- 
pe  of  infection  terminating  in  death, 
srapeutically  highly  effective  suramin, 
stered  before  inoculation  in  sufficient 
gives  a  complete  '*true"  protec- 
;ainst  the  infection;  however,  if  the 
mcentration  in  the  host  is  reduced  at 
e  of  inoculation,  either  by  diminishing 
or  by  delaying  the  time  of  inoculation, 
ttection  becomes  only  apparent.  This 
prophylaxis  consists  in  a  nonpatent 
day)  period  during  which  parasites 
3t  seen  in  the  blood,  followed  by  the 
ttent  parasitaemia  with  lethal  result. 


In  a  similar  group  of  animals,  appropriate 
dosage  schedules  may  produce  either  effect, 
the  true  or  the  false  prophylaxis. 
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to  Professor  Otto  Dann  for  samples  of  his  preparation 
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It  is  now  well  established  that  genetically 
obese  rodents  have  an  increased  ability  to 
convert  dietary  energy  to  body  energy  relative 
to  their  lean  counterparts  (1).  Alterations  in 
energy  metabolism,  as  indicated  by  decreased 
rates  of  oxygen  consumption,  are  observable 
in  obese  (ob/ob)  mice  by  3  weeks  of  age 
(2-4);  however,  few  studies  have  focused  on 
younger  obese  mice.  Marked  changes  in  ox- 
ygen consumption  of  obese  and  lean  mice 
have  been  reported  at  the  time  of  weaning. 
Oxygen  consumption  per  g  body  weight  de- 
creased by  25-50%  within  the  first  several 
days  after  weaning  (3,  4).  These  studies  and 
others  (5-9)  indicate  that  alterations  in  energy 
metabolism  may  appear  very  early  in  the  life 
of  obese  mice. 

The  present  study  was  designed  to  monitor 
oxygen  consumption,  an  indirect  indicator  of 
energy  expenditure,  of  lean  and  obese  mice 
from  birth  to  1 12  days  of  age;  major  emphasis 
was  focused  on  developmental  changes  prior 
to  21  days  of  age.  Body  fat  content  of  lean 
and  obese  mice  at  7  and  14  days  of  age  was 
also  determined. 

Materials  and  methods.  Heterozygote 
breeding  mice  (C57BL/6J  ob/+)^  were 
housed  in  solid-bottom  cages  with  wood 
shavings  for  bedding.  They  were  fed  a  stock 
diet^  ad  libittim.  Ambient  temperature  was  25 
±  2^.  Pregnant  dams  were  removed  from  the 
breeding  cages  and  placed  in  separate  similar 
cages.  Litter  size  was  routinely  standardized 
to  six  pups  per  litter,  however,  in  a  few  in- 
stances litters  with  five  or  seven  pups  were 
utilized.  Pups  were  weaned  at  21  days  of  age 
unless  indicated  otherwise. 

*  Supported  by  NIH  No.  AM  15847  and  by  Research 
Career  Development  Award  NIH  No.  K04  AM  00112 
to  DRR.  Midiigan  Agricultural  Experiment  Station 
Journal  Article  No.  8151. 

'  Jackaon  Laboratory,  Bar  Harbor,  Maine. 

'Wayne  Lab-Blox,  Allied  Mills,  Inc.,  Chicago,  nii- 


In  the  first  experiment  pups  were  individ- 
uaUy  identified  at  1  day  of  age.  From  1  to  19 
days  of  age  daily  oxygen  consumption  meas- 
urements and  body  weights  were  obtained  on 
individual  pups.  Litters  were  also  killed  at  7 
and  14  days  of  age.  Food  residue  was  re- 
moved from  the  stomach  and  the  carcasses 
were  homogenized  in  an  equal  weight  of 
water.  Carcass  fat  was  extracted  with  chlo- 
roform/methanol  (2:1)  and  quantitated 
gravimetrically. 

Oxygen  consumption  measurements  and 
body  weights  of  pups  on  days  18-20  and 
again  on  days  22-24  of  age  were  obtained  in 
the  second  experiment.  Only  lean  mice  were 
used.  In  one  treatment  pups  remained  with 
the  dam;  in  the  other  treatments  pups  were 
weaned  to  a  high-carbohydrate  or  a  high-fat 
diet  at  21  days  of  age.  The  high-fat  diet  was 
formulated  to  approximately  simulate  mouse 
milk  on  a  protein-energy  basis  (10)  and  con- 
tained per  100  g  diet:  43.S  g  casein,  32.0  g 
tallow,  S.O  g  com  oil,  9.6  g  glucose,  S.O  g 
cellulose,  4.0  g  mineral  mix  ( 1 1 ),  0.4  g  vitamin 
mix  (11),  0.2  g  choline  chloride  and  0.3  g 
methionine.  The  high-carbohydrate  diet  was 
formulated  by  replacing  the  tallow  with  glu- 
cose on  an  equal-energy  basis. 

In  the  last  experiment  oxygen  consumption 
measurements  and  body  weights  were  re- 
corded weekly  from  3  weeks  of  age  to  16 
weeks  of  age.  Lean  and  obese  male  and  fe- 
male mice  were  utilized. 

The  apparatus  described  by  Watts  and 
Gourley  (12)  was  utilized  to  obtain  estimates 
of  oxygen  consumption  in  the  mice.  Food 
was  available  to  the  mice  until  the  oxygen 
consumption  measurements  conunenoed. 
Mice  were  placed  in  a  flask  immersed  in  a 
water  bath  maintained  at  30^.  After  10  min, 
five  consecutive  readings  of  oxygen  consump- 
tion were  obtained  during  the  next  10  min. 
Oxygen  consumption  was  then  calculated  at 
STP  and  expressed  as  ml  oxygen  consumed 
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per  g  body  weight,  per  g  body  weight  to  the 
0.7S  power  (13)  and  per  animal.  Relative 
treatment  effects  were  very  similar  whether 
the  results  were  calculated  per  g  body  weight 
or  per  g  body  weight  to  the  0.7S  power,  thus 
only  results  per  g  body  weight  are  presented. 

Results.  Body  weight  and  oxygen  consump- 
tion of  pups  from  1  to  19  days  of  age  are 
presented  in  Fig.  1.  The  obese  (ob/ob)  and 
lean  (ob/+  or  +/+)  pups  were  identified 
retrospectively  after  the  obesity  became  ob- 
vious by  visual  inspection.  Differences  in 
body  weight  were  observed  as  early  as  the  6th 
day  after  birth.  Body  weights  of  the  obese 
mice  remained  higher  than  that  observed  for 
the  lean  mice  during  the  remainder  of  the  19- 
day  study.  Obese  mice  consumed  less  oxygen 
per  g  body  weight  than  lean  mice  by  the  Sth 
day  after  birth.  Statistical  differences  in  oxy- 
gen consumption  per  metabolic  body  size  (g 
body  weight  to  the  0.75  power)  between  lean 
and  obese  mice  were  also  observed  by  the  Sth 
day  after  birth;  however,  the  magnitude  of 
this  difference  was  somewhat  less  than  ob- 
served per  g  body  weight.  In  both  obese  and 
lean  mice  the  oxygen  consumption  per  g  body 
weight  decreased  during  the  second  week  of 
life  and  then  remained  lower  than  values 
observed  during  the  first  week  of  life.  When 
oxygen  consumption  of  the  pups  was  ex- 
pressed per  animal,  obese  mice  tended  to 
consume  less  oxygen  than  the  lean  mice  from 
the  Sth  day  after  birth  but  the  differences 
were  significant  only  on  days  S,  12-lS  and 
18-19.  Both  obese  and  lean  mice  exhibited  a 
five-  to  sixfold  increase  in  oxygen  consump- 
tion per  animal  during  the  first  19  days  after 
birth. 

Lean  and  obese  mice  were  identified  at  7 
and  14  days  of  age,  on  the  basis  of  lower 
oxygen  consumption  per  g  body  weight  in 
obi^  mice,  and  the  bendy  fat  content  of  these 
mice  was  determined  (Table  I).  Thirty-one 
and  28  percent  of  the  mice  screened  at  7  and 
14  days  of  age,  respectively,  were  classified  as 
obese.  This  closely  corresponds  with  the  ex- 
pected ratio  of  one  obese  to  three  lean  from 
heterozygote  crosses.  Obese  mice  weighed 
more  and  consumed  less  oxygen  per  g  body 
weight  than  did  lean  mice  at  both  1  and  2 
weeks  after  birth.  As  early  as  7  days  after 
birth  obese  mice  had  38%  more  fat  than  did 
lean  mice;  this  difference  increased  to  S3%  at 


10 
Age:  Days 

Fio.  1.  Body  weight  and  oxygen  consumption  of  lean 
and  obese  mice  from  1  to  19  days  of  age.  Each  point 
represents  the  mean  ±  SEM  for  24-55  lean  and  for  8-27 
obese  mice,  approximately  equal  numbers  of  nudes  and 
females  are  represented.  The  asterisks  indicate  significant 
{P<  0.05)  differences  between  lean  and  obese  mice. 

14  days  of  age.  At  21  days  of  age  obese  mice 
contain  100%  more  fat  than  lean  mice  (9). 

A  2S-S0%  decrease  in  oxygen  consumption 
per  g  body  weight  has  been  reported  in  mice 
at  the  time  of  weaning  (3, 4).  Table  II  presents 
the  oxygen  consumption  of  mice  several  days 
before  and  after  21  days  of  age.  Regardless 
of  whether  the  pups  remained  witti  their 
mother  or  were  weaned  to  a  high-fat  or  a 
high-carbohydrate  diet,  oxygen  consumption 
per  e  body  weight  decreased  approximately 
17%  between  days  18  and  20  and  days  22  and 
24  of  age.  However,  oxygen  consumption  per 
animal  was  not  changed  during  this  ^cvod 
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TABLE  I.  Body  Weight.  Oxygen  Consumption  and  Body  Fat  Content  of  One  and  Two  Week  Old 

Lean  and  Obese  Mice." 


Age 

Parameter 

7 
Lean 

days 

Obese 

14 
Lean 

days 

Obese 

Body  weight:g 

Oxygen  consumption  :ml/g/hr^ 

Body  fat:% 

3.62  ±0.10 

4.12  ±0.08 

6.4  ±  0.2 

4.34  ±0.13' 

3.30  ±  0.06' 

8.8  ±  0.2' 

7.09  ±0.15 
3.52  ±  0.09 
13.5  ±  0.4 

7.72  ±0.16' 
2.56  ±  0.05' 
20.7  ±  0.8' 

'  Mean  ±  SEM  for  31  lean  and  14  obese  pups  at  7  days  of  age  and  for  28  lean  and  1 1  obese  pups  at  14  diys  of 
age,  except  body  fat  was  determined  on  only  20  lean  pups  at  7  days  of  age.  Approximately  equal  numbers  of  males 
and  females  were  represented  in  each  group. 

^Oxygen  consumption  was  determined  on  days  5-7  and  on  days  12-14;  averages  for  the  3-day  periods  are 
presented. 

'  Significantly  different  from  the  lean  value,  P  <  0.05. 


TABLE  n. 

Oxygen  Consumption 

OF 

Lean  Mice  Several  Days  Before  and  After  21  Days  of  Age." 

Treatment 

Parameter 

Oxygen 

consumption 

Preweaned 

Postweaned 

Pups  renuined  with  mother 


Pups  weaned  to  high-fat  diet 


Pups  weaned  to  high-carbohydrate  diet 


Body  wt.-g 

Orml/g/hr 

Oz-ml/animal/hr 

Body  wt.-g 

Orml/g/hr 

Oz-ml/animal/hr 

Body  wt.-g 

Orml/g/hr 

Orml/animal/hr 


6.7  ±  0.05 
6.08  ±0.18 

40.53  ±  1.24 

6.8  ±  0.2 
5.98  ±  0.25 

40.59  ±  2.00 

6.9  ±0.1 
5.78  ±  0.25 

39.88  ±1.92 


7.8  ±0.1* 
5.09  ±0.16* 
39.47  ±1.30 
8.0  ±  0.2* 
4.64  ±0.18* 
36.22  ±  1.43 
8.4  ±0.1* 
4.97  ±0.17* 
41.69  ±1.63 


"  Values  are  means  ±  SEM  for  15-24  mice.  There  were  five  to  six  pups  per  litter.  Pups  were  removed  from  the 
mother  on  day  21,  except  in  the  one  treatment  where  pups  remained  with  the  mother  throughout  the  stud) 
Observations  were  made  on  days  18-20  and  again  on  days  22-24.  Approximately  equal  numbers  of  males  and 
females  were  represented  in  each  group. 

^  Significantly  different  from  preweaned  value,  P  <  0.05. 


because  body  weight  increased  proportion- 
ately. 

In  the  last  experiment  oxygen  consumption 
rates  of  lean  and  obese  mice  were  obtained 
from  weaning  to  maturity  (Fig.  2).  Body 
weights  of  the  obese  mice  were  heavier  than 
that  of  the  lean  mice;  however,  because  of  the 
variation  within  groups  the  differences  were 
not  statistically  significant  the  first  several 
weeks  after  weaning.  Obese  mice  have  been 
reported  to  be  stressed  more  by  weaning  than 
are  lean  mice  (9),  which  may  have  contrib- 
uted to  the  variation  in  body  weights  during 
the  first  several  weeks  after  weaning.  Prior  to 
weaning,  body  weights  of  the  lean  and  obese 
mice  were  very  uniform,  this  allowed  small 
differences  in  body  weight  between  the  two 
groups  to  be  statistically  significant.  Body 
weights  of  the  obese  mice  continued  to  in- 
crease whereas  body  weights  of  the  lean  mice 
tended  to  plateau  by  7-8  weeks  of  age.  Oxy- 


gen consumption  per  g  body  weight  of  the 
obese  mice  was  lower  than  that  of  the  lean 
mice  throughout  the  13-week  period,  but  the 
differences  were  not  statistically  significant  ai 
two  of  the  points  for  male  mice.  Similai 
results  were  obtained  when  the  rates  wen 
expressed  per  g  to  the  0.7S  power.  Oxygen 
consumption  per  animal  increased  two-  tc 
threefold  for  aU  animals.  After  10  weeks  ol 
age  obese  mice  tended  to  consume  more  ox 
ygen  per  animal  than  did  lean  mice;  tb 
differences  were  statistically  significant  foi 
the  female  mice. 

Discussion.  The  results  of  this  study  cleari] 
demonstrate  that  there  are  differences  be 
tween  lean  and  obese  mice  in  body  compo 
sition  and  energy  metabolism  as  early  as 
week  after  birth.  Previously,  body  fat  conteni 
of  obese  mice  had  been  reported  to  be  dfr 
vated  by  17-21  days  of  age  (7,  9)  and  fat  od 
size  of  the  obese  mice  to  be  increased  abovi 
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2.  Body  weight  and  oxygen  consumption  of  lean  and  obese  male  and  female  mice  from  3  to  16  weeks  of 
ch  point  represents  the  mean  ±  SEM  for  10-26  lean  and  1 1-16  obese  mice.  The  asterisks  indicate  significant 
.05)  differenoes  between  lean  and  obese  mice. 


!vels  observed  in  lean  animals  by  12-14 
of  age  (S).  Because  of  the  magnitude  of 
ifference  in  body  fat  between  lean  and 
pups  at  7  days  of  age  it  is  probable  that 
ences  in  body  fat  akeady  exist  within  a 
lays  after  birth.  Hyperphagia  does  not 
IT  to  be  a  factor  in  the  increased  accu- 
tion  of  body  fat  in  1-  to  3-week  old  obese 

(9). 

e  lower  rectal  temperature  of  obese  pups 
days  of  age  (6)  and  the  altered  response 
\  obese  pups  to  cold  by  12  days  of  age 
Lggested  that  metabolic  rates  might  be 
ed  in  these  obese  mice  prior  to  the 
>usly  observed  depressions  at  17-20 
>f  age  (2-4).  In  the  present  study  difTer- 
between  lean  and  obese  mice  in  oxygen 
mption  per  g  body  weight  were  ob- 
1  by  the  Sth  day  of  age.  Several  days 


later  the  obese  mice  exhibited  an  increased 
body  fat  content. 

All  oxygen  consumption  measurements 
were  recorded  at  30^  in  the  present  study; 
this  temperature  is  probably  below  the  ther- 
moneutral  zone  for  the  very  young  mice  (14). 
The  changes  in  oxygen  consumption  per  g 
body  weight  from  1  to  19  days  of  age  may 
reflect  in  part  a  change  in  the  thermoneutrd 
zone  of  these  young  mice  with  development. 
It  has  been  reported  that  differences  in  oxy- 
gen consumption  between  young  obese  and 
lean  mice  were  easier  to  detect  as  the  temper- 
ature of  the  determination  was  increased 
from  20**  to  25**  (3,  4).  Whether  a  shift  in 
temperature  would  aUow  demonstration  of 
differences  in  oxygen  consumption  between 
lean  and  obese  mice  prior  to  S  days  of  age 
was  not  determined. 
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Oxygen  consumption  of  lean  mice  per  g 
body  weight  decreased  approximately  17% 
between  days  18  and  20  and  days  22  and  24 
of  age  regardless  of  the  treatment  imposed. 
These  measurements  were  conducted  at  30^. 
The  decrease  in  oxygen  consumption  was 
approximately  24%  at  25**  (4)  and  28%  at  20** 
(3).  The  greater  drop  in  oxygen  consumption 
observed  at  the  lower  ambient  temperatures 
may  reflect  a  lowering  of  the  thermoneutral 
zone  of  these  mice  as  they  develop  (14).  A 
decrease  in  energy  intake  decreases  metabolic 
rate,  at  least  in  certain  species  (13,  IS).  Energy 
intake  of  these  mice  has  been  suggested  to  be 
decreased  for  several  days  immediately  after 
weaning  (9).  Mice  left  with  their  mother  may 
also  have  undergone  similar  changes  in  food 
intake  because  milk  production  decreases 
markedly  after  the  20th  day  of  lactation  (9). 
These  factors  together  with  the  general  de- 
crease in  oxygen  consumption  per  unit  weight 
as  body  weight  increases  (16)  probably  ex- 
plain the  previously  observed  changes  in  ox- 
ygen consumption  (3,  4)  at  the  time  of  wean- 
ing. 

Beyond  3  weeks  of  age  oxygen  consump- 
tion of  obese  mice,  expressed  per  animal,  was 
very  similar  to  that  observed  in  lean  mice 
even  though  obese  mice  were  heavier  and 
consumed  more  food  than  lean  mice  (1,  9). 
The  mechanism(s)  responsible  for  the  in- 
creased energy  efficiency  of  the  obese  mice 
remains  to  be  established. 

Summary.  Rates  of  oxygen  consumption 
were  determined  daily  from  birth  to  19  days 
of  age  and  weekly  thereafter  until  16  weeks 
of  age  in  lean  and  obese  mice.  As  early  as  S 
days  after  birth  obese  mice  consumed  less 
oxygen  than  lean  mice.  Obese  mice  weighed 
more  than  lean  mice  by  6  days  of  age  and 
contained  38%  more  fat  than  lean  mice  at  7 
days  of  age.  At  14  days  of  age  obese  mice 


contained  S3%  more  fat  than  lean  mice.  Be- 
yond 3  weeks  of  age  oxygen  consumption  of 
obese  mice  was  less  than  observed  in  lean 
mice  when  the  results  were  expressed  per  g 
body  weight,  but  the  values  for  obese  and 
lean  mice  were  similar  when  expressed  per 
animal.  These  results  demonstrate  that  alter- 
ations in  energy  metabolism  occur  veiy  early 
in  the  life  of  obese  mice. 
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Obesity  and  its  insulin  resistant  state  are 
well  known  to  pose  additional  risk  for  the 
development  of  diabetes  mellitus  (1).  With 
increasing  evidence  that  even  mild  degrees  of 
hyperglycemia  may  hasten  the  development 
of  large  vessel  and  microvascular  disease  in 
diabetes  (2)  earlier  detection  of  diabetes  has 
been  encouraged. 

In  the  past,  several  studies  of  glucose  tol- 
erance in  obese  women  have  shown  apparent 
E reservation  of  intravenous  glucose  tolerance, 
ut  rather  consistent  abnormalities  in  the 
handling  of  orally  administered  glucose  (3, 
4).  In  the  course  of  reviewing  glucose  toler- 
ance in  obese  men,  however,  we  have  found 
that  the  opposite  obtains,  i.e.,  grossly  over- 
weight, nondiabetic  men  are  apparently  ca- 
pable of  preserving  oral  glucose  tolerance 
while  results  of  intravenous  testing  revealed 
abnonnal  disposition  of  the  administered  glu- 
cose. 

Methods  and  materials.  Eleven  markedly 
obese  male  subjects  (mean  weight  190  ±  13% 
of  normal;  range  142-278%  of  ideal  body 
weight)  (S)  with  no  personal  or  family  history 
of  diabetes,  were  studied.  Mean  age  at  time 
of  the  investigation  was  38  years  (range  25-49 
years).  All  the  patients  were  ambulatory  and 
in  good  health,  and  received  no  less  than  250 
g  of  carbohydrate  daily  in  their  hospital  diet 
for  3  days  prior  to  testing. 

After  an  overnight  fast,  and  with  the  pa- 
tient at  rest,  an  indwelling  scalp  vein  ne^e 
was  inserted  in  an  antecubital  vein,  kept  open 
with  a  slow  drip  of  heparin  and  saline  (5 
U/cc).  For  oral  glucose  tolerance  testing  a 
dose  of  glucose  of  1  g/kg  of  ideal  body  weight 
and  dissolved  to  constitute  a  30%  solution, 
was  consumed  within  10  min,  and  venous 
blood  samples  were  drawn  at  30,  60,  90,  120 
and  180  min.  For  intravenous  glucose  toler- 
ance testing,  and  with  several  days  between 
the  above  tests,  the  subjects  received  an  intra- 
venous glucose  infusion  of  O.S  g/kg/ideal 


body  weight  over  a  3-min  period.  Baseline 
samples  were  drawn,  as  well  at  5,  15,  25,  35, 
45  and  55  min  after  beginning  the  inftision  of 
glucose. 

Plasma  glucose  was  measured  by  the  Tech- 
nicon  Auto  Analyzer  using  the  method  of 
Hoffman  (6).  Serum  inmiunoreactive  insulin 
was  determined  by  a  modification  of  the  dex- 
tran-charcoal  method  (7). 

The  results  of  the  oral  glucose  tolerance 
tests  were  evaluated  using  the  Fajans  and 
Conn  criterion  (8,  9)  (glucose  levels  not 
higher  than  185  mg%  at  1  hr,  or  140  mg%  at 
2  hr),  the  sum  oral  GTT/2  hrs  diagnostic 
standard  (8, 10),  (summation  of  fasting,  1  and 
2  hr  plasma  glucose  levels),  and  by  the  Wilk- 
erson  point  system  (11),  (fasting  and  3  hr,  13C 
mg%;  1  point  each  if  higher;  and  1  hr  19f 
mg%,  2  hr  140  mg%;  half  point  each  if  higher) 
All  values  are  referred  to  measurements  of 
glucose  in  plasma,  which  are  higher  than  in 
whole  blood  (11). 

Intravenous  glucose  tolerance  was  ex 
pressed  as  a  function  of  the  disappearana 
rate  of  glucose,  obtained  by  plotting  absoluU 
glucose  values  semilogarithmically  againsi 
time  (12). 

Results  Despite  gross  obesity  each  of  thes< 
male  subjects  demonstrated  oral  glucose  tol 
erance  considered  to  be  within  limits  by  th< 
sum  of  glucose  levels  for  2  hr  (normal  less 
than  450  mg)  (8),  by  the  Wilkerson  point 
criteria  (normal  1.5  points  or  less)  (1 1)  or  b] 
the  Fajans  and  Conn  criteria  (normals  sho^ 
no  more  than  one  abnormal  value  at  eithei 
60  or  at  120  min  (8,  9)  (Table  I). 

Despite  normal  oral  glucose  tolerance,  al 
subjects  but  one  displayed  abnormal  disap 
pearance  rates  {k<  1.20)  and  in  at  least  on< 
third  of  the  subjects  the  disappearance  ratei 
were  clearly  diabetic  (A:  -  0.9  or  less).  Onlj 
one  intravenous  glucose  tolerance  was  une 
quivocally  normal  {k>  1.20),  (Table  I,  sub 
jectNo.  11),  (12). 
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TABLE  1 


Oral 

glucose  tolerance 

Intravenous  glu- 

Weight percentile 
(of  ideal)  % 

2hr 

60min. 

120  min. 

Points' 

cose  tolerance 

Patient  No. 

SUM 

(mg%) 

(mg%) 

(Wilkerson) 

JC  values 

I 

1% 

358 

162 

116 



0.64 

2 

278 

3% 

166 

136 

— 

0.88 

3 

170 

311 

126 

100 

— 

0.89 

4 

167 

339 

145 

126 

— 

0.89 

5 

18S 

358 

151 

119 

— 

0.92 

6 

24S 

388 

160 

130 

— 

0.98 

7 

155 

378 

140 

158 

0.5 

1.00 

8 

155 

386 

171 

132 

— 

1.07 

9 

220 

3% 

168 

148 

0.5 

1.14 

10 

142 

341 

153 

123 

— 

1.17 

11 

181 

328 

139 

122 

— 

1.36 

Mean 

190 

362 

153 

128 

— 

0.994 

SEM 

12.6 

8.8 

4.3 

4.7 

— 

0.056 

'  All  fasting  values  were  below  1 10  mg;%,  and  at  180  min  were  below  125  mg;%. 


No  correlations  were  found  between  the 
summation  of  glucose  levels  for  2  hr  during 
glucose  tolerance  testing  (2  hr  sum/GTT)  (8) 
and  the  **/:"  values  representing  intravenous 
glucose  disposal  rate  (r  =  0.0373,  p  -  not 
significant).  Furthermore,  no  correlation 
could  be  established  between  the  2-hr  glucose 
value  from  the  oral  study  and  disappearance 
rates  following  intravenous  glucose  adminis- 
tration (r  -  0.2108,  p  "  n.s.).  Finally,  al- 
though no  significant  correlation  could  be 
established  between  excess  percentile  body 
weight  and  abnormal  disposition  of  an  intra- 
venously administered  glucose  load  (r  » 
0.231),  there  was  a  perceptible  tendency  to- 
wards lower  "fc"  values  in  the  more  obese 
patients  (Table  I). 

When  these  obese  men  were  divided  into 
those  with  "fc"  values  below  0.9  (clearly  ab- 
normal) and  above  0.9  (borderline  or  normal) 
no  significant  differences  were  noted  in  either 
oral  ^ucose  tolerance  values  or  serum  insulin 
levels  during  both  tests  (Fig.  1). 

However,  it  may  be  observed  that  the  sig- 
nificant difference  (by  definition)  between 
mean  glucose  values  in  the  intravenous  glu- 
cose tolerance  tests,  (P  <  0.025)  appear  re- 
versed, although  nonsignificantly,  during  the 
oral  tests.  Also,  higher  mean  insulin  levels 
were  perceptible  after  both  the  oral  and  in- 
travenous glucose  challenges  in  the  group 
with  abnormal  intravenous  glucose  tolerance 
tests  (Fig.  IB). 

Discussion,  Reports  of  the  ability  to  main- 
tain normal  disposal  of  an  intravenously  ad- 
ministered  glucose  load  in  the  face  of  im- 


15  25  35    45   55       F 

TME/MN 

Fig.  1.  A.  Upper  panel:  Mean  plasma  glucose  values 
(±  SEM)  during  intravenous  (IVGTT)  and  oral  glucose 
tolerance  tests  (oral  GTT)  in  obese  subjects.  B.  Lower 
panel:  Mean  serum  insulin  levels  (±  SEM)  during  the 
same  tests.  Full  line:  patients  with  FVCTT  disappearance 
rates  (K)  higher  than  0.9.  Interrupted  line:  IVGTT  K 
values  lower  than  0.9. 

paired  oral  glucose  tolerance  in  nondiabetic 
obese  women  (3,  4)  has  been  associated  with 
earlier  suggestions  that  hepatic  glycogenesis 
is  decreased  in  obesity,  (14)  or  that  a  rising 
blood  sugar  fails  to  normally  dampen  hepatic 
glucose  output  (3).  By  contrast,  however,  this 
study  of  oral  and  intravenous  glucose  toler- 
ance in  obese  males  revealed  the  opposite. 
Intravenous  glucose  tolerance,  rather  than 
orally  administered  glucose,  seemed  to  un- 
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ulin  resistance  although  handUng  of 
lly  administered  glucose  load  re- 
intact.  Insulin  release  for  those  men 
impaired  intravenous  glucose  toler- 
IS  actually  greater  than  for  those 
he  group  who  maintained  normal 
i  to  both  parenteral  and  oral  routes 
>e  administration.  This  increased  in- 
case was  insufficient  to  maintain  nor- 
►osition  of  the  intravenously  admin- 
load,  but  the  augmented  insulin 
luring  the  oral  study  may  have  more 
;ly  insulinized  the  hepatocyte 
more  efficiently  promoting  decreased 
lie  glucose  output  in  these  subjects 
the  other  hand,  the  intravenous  glu- 
irance  test,  rather  than  the  oral  test, 
ave  evidenced  peripheral  resistance 
ye  utilization  (15),  since  a  lower  pro- 
of an  intravenous  glucose  load  is 
handled  by  the  liver  (16,  17). 
se  these  results  differ  so  from  what 
{  reported  in  overweight  women,  (3, 
y  also  be  that  there  is  a  sex-related 
X  in  disposal  of  intravenously  ad- 
td  glucose  in  obese  subjects.  The  high 
e  of  impaired  intravenous  glucose 
I  in  these  obese  men,  reflecting 
peripheral  resistance  to  the  biologic 
endogenously  released  insulin,  mi^t 
jest  a  difference  on  the  basis  of  sex. 
I  be  noted,  however,  that  these  obese 
re  probably  heavier  than  the  previ- 
blished  accounts  of  intravenous  and 
icose  tolerance  testing  in  obese 
only  defmed  by  body  weights  greater 
m  (3)  and  120%  (4).  This  fact  alone 
rcount  for  greater  peripheral  insulin 
e  and  the  results  of  this  study, 
iformation  from  this  study  amplifies 
tion  should  be  exercised  when  at- 
;  to  accurately  interpret  the  results  of 
tolerance  testing.  Both  oral  (18,  19) 
avenous  (20)  glucose  tolerance  tests 
;n  shown  to  lack  reproducibility  or 
l)ility  and  several  reports  have  ac- 
^monstrated  that  there  can  be  total 
greement  between  the  results  of  both 
intravenous  glucose  tolerance  testing 
me  subject  on  different  days  (20-22). 
ethods  for  investigating  glucose  dis- 
)  have  also  failed  to  correlate  exactly 
results  of  intravenous  glucose  toler- 
ing,  although  a  positive  correlation 


with  the  results  of  glucose  by  mouth  has  been 
reported  from  studies  where  prolonged  intra- 
venous infusion  of  glucose  was  used  (23). 

Although  it  would  be  desirable  to  confi- 
dently quantitate  the  risk  of  becoming  dia- 
betic from  the  results  of  glucose  tolerance 
testing,  the  data  derived  in  our  obese  male 
population  mostly  suggest  that,  in  the  male 
subject,  intravenous  rather  than  oral  glucose 
tolerance  testing  might  reveal  earlier  deteri- 
oration. Whether  abnormal  handling  of  par- 
enterally  administered  glucose  bears  any  real 
relation  to  added  risk  for  actually  developing 
clinically  significant  diabetes  mellitus  re- 
mains to  be  established.  Nevertheless,  these 
results  do  raise  the  interesting  possibility  that 
there  may  also  be  a  sex-related  difference  in 
hepatic  glycogenesis  and  gluconeogenesis 
which  bears  further  investigation. 

Summary.  Previous  reports  from  moder- 
ately obese  women  have  demonstrated  that 
while  intravenous  glucose  tolerance  is  gener- 
ally preserved,  oral  glucose  tolerance  is  fre- 
quently abnormal.  On  the  basis  of  such  Find- 
ings it  has  been  suggested  that  oral  glucose 
tolerance  testing  would  more  reliably  predict 
or  identify  the  truly  latent  diabetic  otnese.  In 
an  effort  to  reassess  this  proposition,  we  have 
administered  oral  glucose  loads  and  intrave- 
nous glucose  challenges  to  1 1  severely  obese, 
otherwise  healthy,  male  subjects.  Contrary  to 
the  reports  in  women,  intravenous  glucose 
tolerance  was  abnormal  or  borderline  in  10 
of  1 1  men  in  this  group,  whereas  oral  glucose 
tolerance  was  normal  by  three  current  criteria 
in  all  subjects  studied.  Insulin  levels  rose 
equally  high  in  both  tests  and  did  not  corre- 
late with  these  discrepant  results.  As  a  lower 
proportion  of  an  intravenous  glucose  load  is 
directly  handled  by  the  liver,  and  others  have 
reported  that  hepatic  resistance  to  the  action 
of  insulin  can  be  reversed  in  the  presence  of 
high  insulin  levels  in  obesity,  it  is  suggested 
that  intravenous  administration  of  glucose 
would  unmask  peripheral  insulin  resistance 
in  the  obese  male  subject. 

We  wish  to  thank  Ms.  L.  Hodges,  Ms.  J.  Ellinger,  and 
Mr.  E.  Bond  for  their  valuable  technical  assistance.  Dr. 
H.  Spencer,  Chief,  Metabolic  Section,  Mines  V.  A.  Hos- 
pital has  kindly  referred  several  of  her  patients  for  this 
study. 
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lorectal  carcinoma,  the  reappearance 
noembryonic  antigen  (1)  and  the  loss 
n  specific  antigen  (2,  3)  suggest  a 
associated  with  dediflerentiation  of 
ignant  cells.  Loss  of  ABH  isoantigen 
served  in  gastrointestinal  carcinoma 
s  postulated  to  be  due  to  a  similar 
ism  (4).  In  this  study  we  report  on  the 
of  enzymes  responsible  for  the  syn- 
f  A  or  B  isoantigen  in  the  colorectal 
us  tissues  and  its  adjacent  normal  tis- 
•eliminary  results  of  this  study  were 
sly  presented  (S). 

rials  and  methods.  Eighteen  patients 
lorectal  carcinoma  were  included  in 
dy.  Seven  patients  belonged  to  blood 
O);  6  (A);  3  (B);  and  2  (AB).  The 
I  of  tumor  varied  from  cecum  to  rec- 
ible  I).  Normal  and  cancerous  colonic 
were  frozen  immediately  in  dry  ice 
irgical  removal  and  stored  at  -80° 
sed  for  assay.  Colonic  mucosa  was 
d  by  scraping  the  mucosal  layer  from 
p  of  resected  colon.  The  normal  mu- 
yer  was  obtained  from  the  tissues  at 
;m  away  from  the  tumor  in  the  tumor- 
irgin.  At  that  distance  the  tissue  was 
abnormal  cells  as  judged  by  micro- 
examination. 

-D-galactose:2'-fucosyllactose  galac- 
insferase  (Gal  transferase)  and  UDP- 
y  1  -  D  -  galactosamine :  2' -  fucosy  llactose 
yl-galactosaminyl  transferase  (Gal- 
insferase)  activities  were  measured  by 
hod  of  Kobata,  Grollman  and  Gins- 
»).  Approximately  100  mg  of  tissue 
)mogenized  in  1  ml  of  O.OS  M  Tris, 
4  mercaptoethanol  (pH  6.8)  at  0°. 
mtrifugation  at  1(X)0^  for  IS  min,  0.1 

■eseaicli  was  supported  by  research  Grant  Nos. 
,  CA-051S8  and  CB-64000  from  the  National 
istitute  of  the  United  Sutes  Public  Health 
lie  American  Cancer  Society,  the  Minnesota 
'oundatioa,  and  the  Masonic  Memorial  Hos- 
l,Iiic. 


ml  of  supernatant  was  incubated  with  16  mM 
Tris-Cl  pH  7.5,  8  mM  MnCk,  0.24  mM  2'- 
fucosyl  lactose  [0-a-L-fucopyranosyl-(l  -^ 
2)-0-)8-D-galactopy ranosyl-(  1  -^  4)-D-glu- 
cose]  (7),  0.24  mM  UDP-D-galactose  (galac- 
tose ^^C[G]  0.4  Ci/mole)  or  UDP-A^-acetyl- 
D-galactosamine  (galactosamine-l-[^^C],  1.5 
Ci/mole)  (both  from  New  England  Nuclear, 
Boston)  (total  aqueous  volumne  125  /xl)  and 
25  /il  toluene  at  37''  for  20  h.  The  time  course 
of  the  sugar  incorporations  was  nonlinear 
from  the  outset  in  the  cases  where  the  entire 
time  course  was  studied.  The  ratio  of  incor- 
poration (tumor/normal)  was  essentially  con- 
stant from  the  beginning  to  the  end.  We  chose 
the  long  incubation  time  to  be  certain  that 
very  low  levels  of  activity  would  not  be  over- 
looked. In  fact,  the  sugar  incorporation  at  4 
hr  was  about  80%  of  that  at  20  hr.  Under  the 
conditions  of  the  assay,  the  amount  of  prod- 
uct formed  was  proportional  to  the  amount 
of  tissue  homogenate  used.  At  the  end  of  the 
incubation,  the  mixture  was  heated  at  100^ 
for  3  min  and  applied  to  a  1  ml  column  of 
Dowex- 1  X  8-Cl  previously  treated  by  wash- 
ing with  0.02  M  lactose  followed  by  water. 
This  treatment  reduces  the  nonspecific 
absorption  of  the  neutral  sugar  products.  The 
unabsorbed  products  were  washed  from  the 
columns  with  5  ml  H2O  and  the  eluates  con- 
centrated to  dryness  in  vacuo  at  30°.  The 
residue  was  dissolved  in  100  /xl  of  water, 
spotted  on  Whatman  3  mm  paper  and  chro- 
matographed  for  30  hr  using  ethyl 
acetate-pyridine-H20  (2:1:2)  as  the  solvent. 
After  drying,  the  chromatogram  was  scanned 
for  radioactivity.  The  magnitude  of  radioac- 
tivity in  the  tetrasaccharide  peak  was  esti- 
mated by  graphical  integration  with  the  re- 
sulting value  converted  into  micromoles  of 
galactose  or  galactosamine  incorporated  per 
gram  of  tissue  in  20  hr  using  appropriate 
standards. 

Three  control  systems,  one  without  tissue 
homogenate,  one  with  homogenate  which 
had  been  heated  to  inactivate  the  enzyme  and 
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TABLE  I.  Site  OF  Colorectal  Cancer  IN  18 
Patients  Studied. 


Sites  of  cancer 

Patient  study  numbers 

Cecum 

Ascending 

Transverse 

Descending 

Sigmoid 

Rectosigmoid 

RecUl 

20 

4 

1,7,9 

13 

8,  16,  17.  19,21 

5,  12,  14 

2,  3,  6,  22 

a  third  without  2'-fucosyl-lactose,  were  in- 
cluded and  performed  simultaneously  in  each 
experiment.  The  enzyme  activities  were  also 
examined  in  whole  blood  samples  from  nor- 
mal individuals. 

The  a-galactosidase  activity,  a  possible 
degradative  enzyme  for  B  substance,  was 
measured  by  the  method  of  Lewy  and  Con- 
chie  (8),  using  P-nitrophenol-a-D-galactopy- 
ranoside  as  the  substrate. 

Results.  The  radioactive  'Hetrasaccharide" 
peak,  which  was  not  found  in  the  three  con- 
trol systems  as  described  in  the  previous  sec- 
tion, was  observed  in  the  complete  assay  sys- 
tem (Fig.  1).  The  tetrasaccharide  peak  was 
further  characterized  to  be  a-D-galactosyl  2'- 
fucosyllactose  by  graded  acid  hydrolysis  and 
cofTee  bean  a-galactosidase  to  yield  the  ap- 
propriate mono-  and  oligosaccharides. 

The  activities  of  Gal  transferase  in  normal 
and  tumor  tissues  are  shown  in  Table  II.  The 
transferase  was  found  in  tissues  from  patients 
of  blood  group  B  or  AB.  Four  (No.  16,  17,  1 
and  7)  of  five  tumors  had  increased  activity 
in  cancerous  tissue  by  1.6-  to  6.9-fold.  The 
normal  or  tumor  tissues  of  group  A  or  O  did 
not  contain  this  enzyme. 

Nonspecific  a-galactosidase  activities  were 
studied  in  nine  tumors.  They  were  elevated 
by  1.3-  to  2.7-fold  in  A,  B,  and  AB  tumors, 
and  decreased  in  three  of  four  group  0  tu- 
mors. When  preformed  tetrasaccharide  from 
the  biosynthetic  experiments  of  B  tumor  were 
incubated  with  A  or  B  tumor  homogenate, 
there  was  no  galactose  released.  This  suggests 
that  the  nonspecific  a-D-galactosidase  in  tis- 
sue can  not  hydrolyze  galactosyl  fucosyllac- 
tose  and  thus  does  not  influence  the  result  of 
a-D-galactosyl  transferase  measurements  in 
vitro.  The  activity  of  galactosyl  transferase  in 
AB  or  B  blood  was  negligible  at  the  level  of 
0.048  and  0.061  /mioles/ml  of  blood  in  20  hr 
respectively. 


The  activity  of  GalNAc  transferase  was 
found  only  in  normal  or  cancerous  colorectal 
tissues  from  patients  with  blood  group  A  or 
AB  (Table  III).  The  tumor/normal  ratio  var- 
ied    widely     from     patient     to     patient 


Hydrolysis     A 
0.1    N  HCl      /I 
JO   «in.           /    1 

C 

.V I  xy  "  ' 

--./!X_> 

vx_ 

L«ctos« 

Galactose 

^. 

Distance  fro*  oriqin  (ca) 

Fig.  1.  Chromatography  of  radioactive  oligosaccha- 
rides fonned  by  a  galactosyl  transferase  of  human  colonic 
cancer  tissue.  The  formation  of  tetrasaccharide  peak  (I) 
was  found  after  incubation  of  tissue  homogenate  with 
UDP-D-Gal-[*^C]  and  its  acceptor  fucosyllactose  (Graph 
B);  Peak  (1)  was  not  observed  in  three  sets  of  control 
one  without  tissue  homogenate,  one  without  fucosyllac- 
tose, and  the  third  with  heated  tissue  homogenate  (Graph 
A);  when  the  Peak  I  in  graph  B  was  subjected  to  add 
hydrolysis  and  rechromatographed,  Tri-,  di-,  and  mon- 
osaccharides were  found  (Peaks  II,  III  and  IV  in  Graph 
C). 

TABLE  II.  a-D-GALACTOSYL  Transferase 
Activities  in  Normal  and  Cancerous  Colon. 


Patient  study 
number 

UDP-Gal  transferase  activi- 
ties fimoles/g  tissue/20  hr 

Blood 
group 

Normal 

RaUo  (tu- 
mor/nor- 
Tumor      mal) 

B 

8 

0.70 

0.07-            — 

16 

0.99 

6.85           6.92 

17 

2.55 

4.70           1.84 

AB 

1 

0.38 

1.08            2.84 

1  (repeated) 
7 

(0.32) 
0.29 

(1.06)         (3.31) 
0.45            1.55 

A 

3.  9,  12,  14.  20. 
22 

0 

0              - 

O 

2,4.5.6.13.19. 
21 

0 

0              - 

*  Necrotic  tumor. 
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LE  III.  Gal  NAc  Transferase  Activity  in 
Normal  and  Cancerous  Colon. 


UDP-Gal  NAc  Transferase 
Activity  /mioles/g  tissue/20  hr 

Patient  study 
number 

Normal 

Tumor 

Ratio  (tu- 
mor/nor- 
mal) 

9 

0.073 

0.052 

0.71 

12 

0.438 

0.037 

0.08 

14 

0.279 

0.300 

3.58 

20 

0.025 

0.337 

13.5 

1 

0.014 

0.071 

5.07 

1  (repeated) 
7 

(0.017) 
0.156 

(0.059) 
0.115 

(3.47) 
0.74 

8 

0 

0 

2.  4,  5,  6.  13 

0 

0 

13.48).  The  enzyme  activity  in  cancer- 
^ue  increased  in  three  of  the  six  pa- 

cussion.  The  levels  of  galactosyl  trans- 
s  have  previously  been  studied  in  var- 
issues  from  patients  with  intestinal  tu- 
(9-11).  Galactosyl  transferase  isoen- 
II  was  detected  in  serum  in  13  of  17 
Its  with  colorectal  adenocarcinoma,  but 
bserved  only  in  two  of  39  patients  with 
alignant  gastrointestinal  disorders  (9). 
mtration  of  galactosyl  transferase  II  de- 
;d  in  colonic  cancerous  tissue  (10),  but 
ised  in  tumors  of  small  intestine  (i  1).  It 
d  be  noted  that  the  substrate  used  for 
erase  assay  was  not  2'-fucosyllactose, 
he  serum  or  tumor  tissues  were  from 
group-nonspecified  patients;  therefore, 
izymatic  activity  may  not  represent  the 
group  B  specific  enzyme,  a-D-galacto- 
msferase.  The  methods  used  for  deter- 
ion  of  the  activity  of  Gal  transferase  or 
Ac  transferase  in  this  study  were  blood 
'  specific,  since  Group  B  synthetic  en- 
was  not  detected  in  Group  A  or  O 
Its  and  vice  versa. 

;  variation  in  transferase  activities 
g  the  normal  tissues  was  large  but  not 
)ected.  Using  2'-fucosyllactose  as  the 
tor,  Kobata  and  Ginsburg  found  a  flf- 
)ld  range  in  the  ^-acetyl-D-galactosa- 
transferase  activities  in  the  milk  of  type 
men  (12).  Race  ei  al  found  an  eleven- 
/ariation  in  the  galactosyl  transferase 
ty  in  the  stomach  mucosa  of  type  B 
ms  using  the  same  acceptor  (13).  It  is 
n  that  antigenic  properties  varied 
g  subgroups  of  type  A.  Activity  of  a- 


GalNAc  transferases  in  sera  of  Ai  human 
subjects  was  considerably  higher  than  that  of 
A2  (14).  In  a  Caucasian  population  of  blood 
donors  with  normal  B  phenotype,  16%  of 
population  has  a-D-galactosyl  transferase  ac- 
tivity 1.94  times  higher  than  the  rest  of  the 
population  (15).  These  may  reflect  the  variant 
gene  expression.  Because  of  this  wide  varia- 
tion of  blood  group  related  transferase  activ- 
ities in  normal  colon  tissue,  the  activities  in 
cancerous  tissue  were  expressed  as 
tumor/normal  ratio  in  each  individual.  Tu- 
mors from  types  B  or  AB  patients  invariably 
had  higher  galactosyl  transferase  activities 
than  adjacent  non-tumorous  tissues.  In  one- 
half  (3  of  6)  of  the  patients  with  A  or  AB 
blood  group,  the  level  of  acetyl-D-galactosa- 
mine  transferase  was  increased  in  the  tumor. 
It  is  conceivable  that  the  higher  density  of 
epithelial  cells  in  the  tumor  tissue  may  be 
responsible  for  the  increased  activity.  When 
the  results  were  re-stated  on  the  basis  of 
activity  per  mg  of  protein  in  the  homogenate, 
there  was  no  qualitative  difTerence  in  the 
pattern  of  enzyme  activity  changes. 

The  possibility  of  bacterial  contamination 
as  the  cause  of  increased  B  antigen  should  be 
considered.  Marsh  has  found  a  factor  in  a 
bacterial  flltrate  which  produced  B  antigens 
in  O  and  A  red  cells  in  viiro  (16).  Since 
galactosyl  transferase  activity  was  never 
found  in  either  normal  or  cancerous  tissues 
from  13  patients  with  blood  group  A  or  O, 
the  possibility  is  highly  remote  that  any  of 
the  enzyme  activity  found  in  B  or  AB  tissue 
might  be  derived  from  bacterial  contamina- 
tion. 

From  the  results  of  this  study,  it  is  apparent 
that  loss  of  ABH  isoantigens  in  colorectal 
cancer  as  documented  in  fluorescein-conju- 
gated  antiserum  technique  (4),  can  not  be 
ascribed  to  a  general  lack  of  A  or  B  isoantigen 
synthetic  enzymes.  It  was  recently  demon- 
strated that  human  feces  contain  enzymes 
produced  by  enteric  bacteria  that  degrade  the 
A,  B,  and  H  blood  group  antigens  (17).  How- 
ever, it  will  be  difficult  to  explain  why  the 
bacterial-producing  enzymes  should  act  dif- 
ferently between  normal  and  cancerous  tis- 
sues. 

Although  we  have  documented  that  the 
transferases  involved  in  A  or  B  isoantigen 
synthesis  are  not  deficient  in  cancerous  tissue, 
there  could  still  be  a  defect  on  the  synthetic 
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pathway  prior  to  transferase  step  leading  to 
a  loss  in  the  ABH  isoantigens.  However,  a 
more  likely  reason  in  pur  opinion  is  that  the 
changes  are  due  to  an  accumulation  of  mu- 
coprotein  in  the  colonic  cancer  (18)  which 
may  mask  the  expression  of  surface  antigen(s) 
(19)  and  cause  a  negative  result  for  the  im- 
munofluorescent  stain  technique  for  detecting 
ABH  isoantigen.  In  leukemic  patients,  loss  of 
blood  group  antigen  in  red  blood  cells  has 
also  been  observed  (20),  but  the  expression  of 
the  antigen  could  be  recovered  with  neura- 
minidase treatment  (21). 

Summary.  Homogenates  of  tumorous  and 
adjacent  non-tumorous  colorectal  tissues 
from  18  patients  were  tested  for  the  activities 
of  blood  group  synthetic  enzymes,  namely 
a-D-galactosyl  transferase  for  B  isoantigen 
and  o-A^-acetyl-D-galactosamine  transferase 
of  A  isoantigen. 

The  galactosyl  transferase  activity  in  non- 
tumorous  intestinal  tissue  was  high  in  patients 
with  blood  group  B,  intermediate  in  group 
AB  and  was  absent  in  group  A  or  O.  As 
compared  with  adjacent  non-tumorous  tissue, 
the  Gal  transferase  activity  increased  in  tu- 
mors by  1 .6-  to  6.9-fold  in  four  of  five  patients 
with  blood  group  B  or  AB,  and  the  a-N- 
acetyl-D-galactosaminyl  transferase  activity 
increased  in  three-  of  six-tumor  tissues  from 
patients  of  blood  group  A  or  AB. 

The  results  suggest  that  the  reported  losses 
of  ABH  isoantigen  in  colorectal  cancer  are 
not  due  to  deficiencies  of  Gal  or  GalNAc 
transferase  activities  involved  in  the  synthesis 
of  blood  group  antigens. 

The  authors  are  indebted  to  Drs.  A.  Kobata  and  V. 
Ginsburg  for  their  kind  supply  of  substrate,  2'-fucosyl- 
lactose,  and  to  Mrs.  Deanna  Taylor  for  her  technical 
assistance. 
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lave  reported  that  various  anesthetics 
prolactin  in  ovariectomized  (OVX) 
'X-estrogen  treated  rats  (1-3).  A  num- 
investigators  have  observed  that  pro- 
ind  corticosterone  are  both  released  by 
g  (4-7)  and  stressful  conditions  (6-9). 
investigators  have  indicated  that  the 
stration  of  dexamethasone,  a  synthetic 
)rticoid,  will  attenuate  the  ether-in- 
[10,  11)  and  thyrotropin  releasing  hor- 
TRH)-induced  (12)  prolactin  release, 
ssent  study  was  undertaken  to  examine 
effect  of  continuous  ether  anesthesia 
T  on  prolactin  release  in  adrenalecto- 
animals  and  (b)  the  influence  of  ex- 
Lsly  administered  corticosterone,  the 
-specific  glucocorticoid  in  the  rat,  on 
iduced  prolactin  release. 
fri€ils  and  methods.  Female 
e-Dawley  rats  (Spartan  Research  An- 
[nc,  Hasslett,  MI)  were  ovariectomized 
when  2(X>-22S  g  in  body  weight  and 
1  under  controlled  temperature 
')  and  artificial  illumination  (14  h  light 
I  h  darkness).  When  they  were  about 
n  body  weight  an  aortic  catheter  was 
d  as  described  in  detail  previously  (1) 
I  rats  were  given  a  single  subcutaneous 
)n  of  1  mg  Estradurin  (equal  to  O.S  mg 
restradiol  phosphate).  Bilateral  adren- 
tiies  (ADX)  were  performed  3  days 
itheterization  and  ADX  animals  were 
ined  on  0.9%  NaCl.  Serial  blood  sam- 
ras  initiated  8  days  after  catheterization 
le  experimental  protocol  was  as  de- 
I  previously  (3).  Briefly,  between  08:00 
I  09:(X)  hr  on  the  day  of  sampling,  a 
lylene  extension  filled  with  saline  and 
/itha  three-way  stop  cock  was  attached 
indwelling  catheter  and  the  animals 
efl  undisturbed  for  at  least  60  min. 


x)rted  by  Research  Grant  no.  BMS  74-17332 
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After  this  equilibration  period  an  initial  blood 
sample  (0.6  ml)  was  withdrawn  (time  0).  In 
the  control  group  subsequent  blood  samples 
were  obtained  at  10,  30,  60,  and  120  min.  In 
the  experimental  groups,  after  the  0  min  sam- 
ple, the  animals  were  anesthetized  in  a  large 
jar  saturated  with  ether  vapor.  In  those  ani- 
mals receiving  corticosterone,  a  single  bolus 
of  the  hormone  was  administered  intraarter- 
ially  through  the  catheter  after  the  0  min 
sample.  Complete  anesthesia  was  achieved 
witlun  about  2  min,  and  the  rats  were  main- 
tained under  ether  for  the  duration  of  the 
experiment  using  a  nose  cone.  Additional 
blood  samples  were  obtained  at  10,  30,  60, 
and  120  min  after  the  initiation  of  anesthesia. 
After  each  blood  sample  the  volume  was 
immediately  replaced  with  sterile  saline  at 
37^.  The  blood  samples  were  diluted  with  an 
equal  volume  of  chilled  phosphate  buffer  sa- 
line (pH  7.6)  and  centrifuged  at  3°.  The 
plasma  was  separated  and  stored  at  -20^. 
Plasma  prolactin  levels  were  assayed  by  the 
double  antibody  radioinmiunoassay  (13)  at 
two  dilutions  each  in  duplicate.  Rat  prolactin 
NIAMD-RP-1  with  a  potency  of  11  lU/mg 
was  the  standard.  Plasma  corticosterone  lev- 
els were  determined  by  competitive  binding 
assay  (14)  in  duplicate  at  a  single  dilution. 
Statistical  comparisons  were  made  within  a 
group  using  the  analysis  of  variance  and 
Duncan  multiple  range  test  and  between 
treatment  groups  using  a  two-way  analysis  of 
variance  with  computer  assistance  (IS). 

Results.  The  plasma  prolactin  values  are 
shown  in  Table  I.  The  plasma  prolactin  levels 
in  the  control  animals  were  not  significantly 
altered  by  the  sampling  procedure.  In  the 
OVX-Estradurin-injectcd  animals  (OVX-E2) 
under  ether,  there  was  a  significant  rise  in 
plasma  prolactin  in  10  min  (P<0.01),  fol- 
lowed by  a  decrease  to  a  slightly  higher  level 
than  the  initial  value  and  this  level  was  main- 
tained for  the  remainder  of  the  experiment 
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(120  min).  The  OVX-ADX-E2  animals  un- 
der ether  were  observed  to  have  an  increase 
in  plasma  prolactin  for  all  time  periods  when 
compared  with  the  initial  level.  The  admin- 
istration of  corticosterone  (500 /xg  or  25  /xg/rat 
i.a.)  completely  block  the  initial  ether-in- 
duced prolactin  increase  (10  min);  however, 
at  subsequent  time  periods  there  was  a  grad- 
ual increase  in  plasma  prolactin  levels  to  that 
of  adrenalectomized  animals  (120  min; 
Groups  IV  and  V  vs  III). 

The  plasma  corticosterone  levels  are  pre- 
sented in  Table  II.  In  the  OVX-E2  animals 
under  ether,  plasma  corticosterone  at  30,  60, 
and  120  min  were  significantly  higher  than 
the  initial  0  min  value.  The  OVX-ADX- 
Ea-corticosterone  (500  /xg/rat)  administered 
animals  had  extremely  high  plasma  corticos- 
terone level  at  10  min  which  progressively 
declined  in  subsequent  periods.  Those  ani- 
mals injected  with  25  jug/rat  of  corticosterone 
showed  a  similar  trend  but  with  a  less  pro- 
nounced increase  in  plasma  corticosterone  at 
10  min. 

Discussion.  In  estrogenized  animals  a  rise 
and  decline  in  plasma  prolactin  following 
ether  anesthesia  has  been  observed  in  this 
study  and  in  our  previous  studies  (2,  3).  This 
pattern  of  prolactin  release  was  not  restricted 
to  only  ether  but  has  been  observed  with 
other  anesthetics  such  as  methoxyflurane  (3) 
and  with  restraint  stress  (16).  It  has  been 
reported  by  others  that  the  prolactin  increase 
to  ether  stress  (10,  11)  and  TRH  administra- 
tion (12)  could  be  attenuated  by  dexametha- 
sone.  Further,  it  has  been  shown  that  in 


situations  like  suckling,  plasma  corticosterone 
increased  in  conjunction  with  prolactin  (7) 
The  plasma  prolactin  pattern  of  a  sustainec 
increase  under  ether  in  ADX  animals  and  a 
sharp  rise  and  fall  in  adrenal  intact  animals 
suggests  that,  under  ether,  the  fall  in  prolactin 
after  the  initial  increase  may  be  due  to  the 
inhibitory  feedback  action  of  the  elevated 
corticosterone.  This  hypothesis  was  further 
strengthened  by  the  results  obtained  in  this 
study.  Here  following  exogenous  administra- 
tion of  corticosterone  there  was  no  increase 
in  plasma  prolactin  following  ether  anesthe- 
sia; however,  as  the  exogenous  corticosterone 
was  metabolized  from  circulation,  the  plasma 
prolactin  level  increased.  Although  previous 
studies  with  dexamethasone  suggested  a  neg- 
ative feedback  (10-12),  the  use  of  corticoster- 
one, which  is  a  natural  glucocorticoid,  lends 
further  credence  to  the  hypothesis  that  adr^ 
nal  corticoids  have  an  inhibitory  effect  on 
prolactin  secretion  in  rats.  This  inhibitory 
feedback  action,  however,  does  not  appear 
applicable  to  all  conditions  of  increased  pro- 
lactin release  since  in  suckling,  where  prolac- 
tin release  is  more  pronounced  and  sustained 
(6,  17)  than  during  ether  exposure  (6),  and 
where  there  is  also  a  simultaneous  increase  in 
plasma  corticosterone  levels  (7),  little  to  no 
decrease  in  plasma  prolactin  is  observed.  This 
suggests  that  in  rats  there  may  be  a  different 
mechanism  between  suckling  and  ether  in  the 
induction  of  prolactin  release. 

Summary.  Ovariectomized,  polyestradiol- 
phosphate  (PEP)  injected,  catheterized  rats 
subjected   to   continuous   ether   anesthesia 


TABLE  I.  Effects  of  Ether  Anesthesia  on  Plasma  Prolactin  Levels. 


Group 


Treatment 


Plasma  prolactin  levels  (ng/ml)* 


0  min 


10  min 


I      Control  OVX  +  E2  (7)*         59.5  ±11.1       50.7  ±  5.3 


II       OVX  +E2  +  Ether  (7)  44.5  ±  3.6 

III  OVX  +  ADX  +  E2  +      46.0  ±4.3 

Ether (15) 

IV  OVX  +  ADX  +  E2  +  B      43.0  ±  2.8 

500/ig/rat  + Ether  (10) 
V       OVX  +  ADX  +  E2  +  B       44.4  ±  6.9 
25  ^rat  -♦-  Ether  (5) 


30  min               60  min 

120  min 

60.4  ±  8.4           48.5  ±  7.8 

55.6  ±4.6 

under  ether  anesthesia 

68.1  ±  10.5         64.7  ±  15.7 

67.2  ±  14.2 

108.2  ±  17.1* 

120.3  ±  23.5«  109.0  ±  18.6»  125.7  ±  22.7*  1 1 1.9  ±  21.0- 

64.1  ±  14.6         74.2  ±  9.7  87.9  ±  15.9  99.3  ±  25.0 

42.4  ±3.9           95.6  ±  20.4  59.0  ±  6.3  1 26.4  ±  43.0 


*  The  number  in  parentheses  represents  the  number  of  animals  in  each  group.  Statistical  comparisons  were  nude 
using  analysis  of  variance  and  comparisons  of  each  time  period  were  made  to  the  0  min  values  within  each 
experimental  group  using  Duncan*s  multiple  range  test  (a  «  P  <  0.05,  b  «  P  <  0.01).  Using  two-way  analysis  of 
variance  the  following  group  comparisons  for  treatments  were  made:  I  vs  11,  NS;  11  vs  III,  P  <  0.05;  III  vs  IV  ?  < 
0.05;  III  vs  V,  NS.  OVX  «  ovariectomy;  ADX  «  adrenalectomy;  E2  «  polyestradiol  phosphate;  B  »  cortioosteroot 

••  Mean  ±  SE. 
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TABLE  11.  Effects  of  Ether  Anesthesia  on  Plasma  Corticosterone  Levels. 


up               Treatment 

Plasma  corticosterone  levels 

Oig/lOOml)** 

Control  OVX  -I-  E,  (7)^ 

OVX  +  Ea  +  Ether  (7) 
OVX  +  ADX  +  Ea  +  B 

500  /ig/rat   +    Ether 

(10) 
OVX  +  ADX  +  Ej  +  B 

25  /ig/rat  +  Ether  (5) 

Omin 
34.8  ±  5.4 

34.0  ±  3.7 
6.3  ±  0.6 

6.0  ±  0.5 

10  min 

45.2  ±  5.8 

53.4  ±6.7 
2110.0±224.0»» 

161.0  ±24.7»» 

30  min                 60  min 
50.5  ±  3.5               50.2  ±  10.4 
under  ether  anesthesia 
59.7  ±  7.7*             63.4  ±  6.6*' 
202.3  ±16.8»»           56.7  ±8.6*' 

26.0  ±4.3*'              7.6  ±0.4 

120  min 

36.2  ±  8.5 

62.7  ±  8.4' 

18.3  ±  3.5»» 

5.8  ±  0.6 

The  number  in  parentheses  represents  the  number  of  animals  in  each  group. 

•  Mean  ±  SE. 

tatistical  comparisons  were  made  using  analysis  of  variance  and  comparisons  of  each  time  period  were  made  to 

)  min  value  within  each  experimental  group  using  Duncan*s  multiple  range  test  (a  *  P  <  0.05;  b  *  P  <  0.01). 

ig  two-way  analysis  of  variance  the  foUowing  group  comparisons  for  treatments  were  made:  I  vs  11,  P  <  0.05. 

C  ->  ovariectomy;  ADX  *  adrenalectomy;  Ea  *  polyestradiol  phosphate;  B  *  corticosterone. 


ved  an  increase  in  plasma  prolactin  level 
0  min  followed  by  lower  levels  at  30,  60, 
120  min.  Plasma  corticosterone  levels 
t  increased  significantly  under  continuous 
T  anesthesia.  In  contrast  to  intact  animal, 
terally  adrenalectomized  animals  under 
T  anesthesia  showed  a  sustained  elevation 
>lasma  prolactin  at  all  time  periods.  In 
snalectomized  animals  subjected  to  ether 
sthesia  the  exogenous  administration  of 
icosterone  (either  SOO  jug/rat  or  25  jug/rat) 
rented  the  increase  in  plasma  prolactin  at 
lin  period  when  plasma  level  of  corticos- 
ne  was  high.  In  subsequent  periods  as  the 
ma  corticosterone  decreased,  the  plasma 
actin  increased.  It  is  suggested  that  cor- 
sterone  has  an  inhibitory  feedback  effect 
he  ether-induced  prolactin  release. 
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The  gastrointestinal  transit  time  in  a  sub- 
ject can  be  measured  by  having  the  subject 
swallow  a  nonabsorbable  marker  and  meas- 
uring the  time  it  takes  for  the  marker  to 
appear  in  the  feces.  Laboratory  animals  will 
not  voluntarily  swallow  a  marker  such  as 
barium  impregnated  polythene  pellets  (1),  so, 
an  investigator  wishing  to  measure  transit 
time  in  a  laboratory  animal  must  either  force 
feed  the  marker  or  add  the  marker  to  a 
portion  of  the  animaPs  food.  Chromium  ses- 
quioxide is  a  marker  which  can  be  added  to 
a  diet  without  making  it  unpalatable.  It  is  not 
absorbed  (2),  and  it  can  be  accurately  mea- 
sured. A  marker  should  travel  at  the  same 
rate  as  food  residues,  however,  direct  proof 
that  the  marker  and  the  food  residue  travel 
at  the  same  rate  is  difficult  to  obtain  (1).  This 
experiment  was  undertaken  to  determine 
whether  chromium  sesquioxide  travels  at  the 
same  rate  as  [^"^CJcellulose  through  the  gas- 
trointestinal tract  of  laboratory  rats.  Cellulose 
is  not  digestible  by  mammalian  enzymes  and 
is  not  absorbed  by  rats  in  which  coprophagy 
has  been  prevented  (3). 

Material  and  methods.  Twelve  male 
Sprague-Dawley  rats  (469-578  g),  individ- 
ually caged,  were  used  for  the  experiment. 
The  basal  diet  consisted  of  64.5%  com  starch, 
20%  casein,  10%  com  oil,  4.5%  mineral  mix, 
and  1%  vitamin  mix  to  which  2.5%,  5%, 
10%,  or  20%  nonlabeled  cellulose  was  added. 
The  diets  were  fed  ad  libitum.  The  marked 
diet  was  prepared  by  mixing  chromium  ses- 
quioxide (J.  T.  Baker  Chem.  Co.),  and  about 
4  mg  of  uniformly  labeled  [^^CJcellulose  (ICN 
Radiochemicals)  to  some  oil-free  2.5%  cellu- 
lose diet.  The  [^^C]cellulose  was  prepared 
from  Canna  indica  and  is  free  from  any  sol- 
uble carbohydrates,  hemicelluloses,  pectin, 
and  lignin.  The  com  oil  was  added  after  the 
two  markers  were  uniformly  mixed  with  the 
diet.  The  completed  marked  diet  contained 
0.42%  chromium  sesquioxide  and  86,480  dis- 
integrations per  minute  (dpm)  of  ("CJ  activity 
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per  g  of  diet.  The  rats  were  randomly  assigned 
to  one  of  four  blocks.  A  block  of  rats  was 
assigned  to  each  cellulose  level  for  3  days.  On 
the  third  day  the  diet  was  removed  at  6:00 
PM.  The  rats  were  presented  with  a  1  g  pulse 
of  marked  diet  at  9:40  pm  and  any  uneaten 
marked  diet  was  removed  at  10:()0  pm  and 
weighed.  After  the  marked  diet  was  removed, 
the  diet  of  the  previous  2  days  was  again 
supplied  ad  libitum  to  the  rats.  An  hour  after 
the  marked  diet  was  given,  the  rats  were  tail 
cupped  (5)  to  prevent  coprophagy  and  to 
collect  the  feces.  Eight  hours  alter  giving  the 
marked  diet,  the  tail  cups  were  removed  and 
all  feces  from  each  animal  were  collected. 
After  3  days  on  any  cellulose  leveU  the  block 
of  rats  was  assigned  to  another  cellulose  level 
until  all  the  rats  had  been  on  all  four  levels  of 
cellulose.  It  has  been  established  by  other 
investigators  (3)  that  98.6%  of  the  [^*C]ccllu- 
lose  is  passed  in  3  days.  The  8  hr  fecal  collec- 
tion was  dried  at  100^  and  weighed.  Eadi 
animal's  feces  were  then  ground  to  a  powder 
and  mixed.  Each  fecal  collection  was  ana- 
lyzed for  chromium  and  [^*C]  activity.  Chro- 
mium in  the  feces  was  assayed  by  atomic 
absorption  spectrophotometry  after  digestion 
of  the  organic  matter  with  nitric  acid  and 
oxidation  of  Cr203  to  Cr207  with  perchloric 
acid  (4).  A  sample  of  feces  from  each  8-hr 
collection  was  ignited  and  the  CO2  collected 
in  a  Packard  306  Oxidizer.  The  ['^C]  activity 
was  measured  with  a  liquid  scintillatioo 
counter. 

The  total  dpm  of  [^^C]  and  /xg  Cr  passed  in 
8  hr  were  determined  and  the  percentage  of 
the  ingested  markers  passed  was  calculated. 
The  linear  regression  of  per  cent  ['^C]  passed 
on  per  cent  Cr  passed,  the  correlation  coeffi- 
cient, and  the  95%  confidence  interval  were 
calculated.  Additionally  the  partial  correla- 
tion of  dpm  of  ['^C]  passed  on  /xg  Cr  passed 
was  calculated  to  remove  the  effect  of  varia- 
tion in  g  fecal  dry  matter  (8). 

Results,  The  regression  of  per  cent  [**€] 

8 


FECAL  MARKERS  IN  RATS 


419 


d  on  per  cent  Cr  passed  yielded  a  cor- 
3n  coefficient  (r)  of  0.97  (Fig.  1)  which 
t  significantly  different  from  1.00  (P 
II,  d.f-=46).  The  95%  confidence  inter- 
»r  the  slope  (a)  of  this  line  is  0.90  <  a  < 
emd  the  interval  for  the  y-intercept  is 
'<b<  1.70. 

e  partial  correlation  of  [^*C]  on  Cr  re- 
s  the  effect  of  variation  in  fecal  dry 
X  from  the  correlation  of  [^^C]  and  Cr. 
partial  correlation  yielded  an  r  of  0.97 
1  is  not  significantly  different  from  1.00 

0.001)  (Fig.  2).  The  range  in  marker 
tion  appeared  to  be  due  primarily  to 
idual  animal  differences  and  not  neces- 

related  to  the  cellulose  content  of  the 
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Fig.  2.  Micrograms  of  Cr  versus  dpm  of  [*^C]  from 
[*^C]cellulose  passed  in  feces  of  tail-cupped  rats  during 
8  h  (ii«48).  Values  are  expressed  per  g  fecal  dry  matter 
(FDM)  passed  in  the  8-hr  period. 


jcussion.  These  results  demonstrate  that 
issage  of  [^^C]  from  cellulose  in  the  feces 
veil  correlated  with  the  passage  of  Cr 
chromium  sesquioxide.  The  correlation 
^n  these  two  fecal  markers  was  inde- 
nt from  their  correlation  to  the  passage 
:al  dry  matter  (Fig.  2). 
3er  cent  Cr  passed  is  a  good  estimate  of 
snt  [^^CJcellulose  passed,  the  true  regres- 
ine  should  pass  through  the  origin  with 
3e  equal  to  1.00.  Such  a  regression  line 
luded  in  the  95%  confidence  limits  cal- 
sd  from  these  data  indicating  that  per 
Cr  passed  is  a  good  estimate  of  per  cent 
passed  in  the  feces.  If  cellulose  were 
m  down  in  the  gut  some  of  the  [^^C] 
I  have  been  expired  resulting  in  a  low 
recovery.  However  about  98%  of  [^^C] 
:d  cellulose  can  be  recovered  from  the 
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i.  1.  Percent  of  dietary  dose  of  chromium  ses- 
de  and  of  dpm  of  [*^C]  from  [*^C]celluIose  passed 
s  of  tail-cupped  rats  during  8  h  (ii«48). 


feces  in  tail-cupped  rats  (3).  The  specific  grav- 
ity of  chromium  sesquioxide  is  S.21  which  is 
higher  than  the  specific  gravity  of  cellulose 
( 1 .27- 1 .6 1 ).  Despite  this  difference  our  results 
indicate  that  chromium  sesquioxide  can  be 
used  to  mark  the  portion  of  the  gut  contents 
in  rats  which  contain  cellulose.  This  is  in 
contrast  to  the  work  of  Kirwan  and  Smith  (6) 
who  found  that  increasing  the  specific  gravity 
of  a  10  mm  by  4  mm  capsule  from  1.1  to  1. 35 
accelerated  its  passage  through  the  gastroin- 
testinal tract  of  humans,  suggesting  that  the 
specific  gravity  of  the  marker  would  alter  its 
rate  of  transit.  Additionally,  this  study  does 
not  provide  evidence  that  chromium  ses- 
quioxide had  a  tendency  to  settle  out  relative 
to  the  cellulose  residue  in  the  gut  as  suggested 
by  Mitchell  and  Eastwood  (7). 

Summary.  Tail-cupped  rats  were  fed  diets 
of  varying  cellulose  contents.  At  the  end  of  a 
3-day  period  rats  were  given  a  pulse  dose  of 
a  diet  labeled  with  ['^CJcellulose  and  chro- 
mium sesquioxide.  The  results  demonstrate 
that  passage  of  chromium  sesquioxide  was 
highly  correlated  with  passage  of  [^^C]cellu- 
lose  and  this  correlation  was  independent  of 
either  marker's  correlation  with  fecal  dry 
matter.  These  results  indicate  that  use  of 
chromium  sesquioxide  as  a  fecal  marker  is  a 
good  estimate  of  cellulose  passage  in  the  tail- 
cupped  rat. 

The  authors  are  grateful  for  the  statistical  assistance 
of  Paul  Schneeman. 
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Teased  serum  antibody  titers  in  re- 
;  to  a  variety  of  antigenic  stimuli  have 
loted  in  a  number  of  vitamin  deficiency 
(1).  In  view  of  the  complexity  of  factors 
ed  in  the  establishment  of  serum  anti- 
levels  (2,  3),  it  is  apparent  that  a  more 
approach  is  required  for  elucidation  of 
isic  role  of  these  vitamins  in  mediating 
inmiune  responses.  Investigation  of  an- 
'  synthesis  at  the  cellular  level  affords 
in  approach.  Accordingly,  we  under- 
Ei  series  of  studies  on  the  effects  of 
dual  deficiencies  upon  the  number  of 
dy-forming  cells  in  the  spleens  of  im- 
ed  rats.  Our  studies,  to  date,  have  dem- 
ted  that  the  decreased  serum  antibody 
ises  observed  in  vitamin  Be  and  pan- 
ic acid-deficient  rats  can  be  attributed 
marked  reduction  in  the  number  of 
dual  antibody-forming  cells  in  the 
s  of  these  immunized  deficient  animals 

iciencies  of  thiamin,  riboflavin,  biotin 
olic  acid  affect  serum  antibody  re- 
»  in  the  rat  to  varying  degrees  (6-10). 
\  paper,  we  report  the  effects  of  these 
c  deficiency  states  upon  the  develop- 
>f  splenic  antibody-forming  cells  in  im- 
ed  rats. 

terials  and  methods.  Animals  and  diets. 
weanling,  21 -day-old  rats  of  the  Holtz- 
^train  were  used.  The  animals  were 
d  individually  in  wide-meshed,  screen- 
0,  suspended  cages  and  weighed 
i.  Rats  in  the  deficient  groups  were  fed 
\tum  the  basal,  semipurified  diets  pre- 
y  utilized  for  production  of  thiamin, 
ivin,  biotin  and  folic  acid  deficiencies 

s  investigation  was  supported  in  part  by  Public 
Service  Research  Grant  No.  A-727  from  the 
J  Institute  of  Arthritis  and  Metabolic  Diseases, 
lent  address:  Montefiore  Hospital  and  Medical 
Albert  Einstein  College  of  Medicine,  New  York, 


(9).  Control  animals  received  the  basal  diet 
fed  to  the  thiamin  and  riboflavin-deficient 
groups.  In  addition,  each  rat  received  daily  a 
vitamin  pill  which,  for  control  animals,  sup- 
plied adequate  quantities  of  the  B-vitamins 
(9).  For  each  deficient  group,  the  correspond- 
ing vitamin  was  omitted  from  the  pill.  Rats 
in  the  riboflavin  and  biotin-deficient  groups 
were  fed  the  basal  diets  for  8-12  weeks  prior 
to  inmiunization.  Corresponding  periods  for 
the  folic  acid  and  thiamin-deficient  groups 
were  12-14  and  2-3  weeks,  respectively. 

Antigen.  Sheep  erythrocytes  served  as  an- 
tigen in  this  study.  Red  blood  cells  were 
obtained  commercially^  in  Alsever  solution, 
washed  and  counted  as  described  previously 
(4).  Rats  were  inmiunized  intravenously  via 
the  lateral  tail  vein  by  a  single  dose  of  4  X 
10®  erythrocytes  (4). 

Measurement  of  antibody-forming  cells 
(AFC)  of  spleens.  The  number  of  splenic  cells 
capable  of  synthesizing  hemolytic  antibodies 
was  determined  by  the  method  of  Jeme  et  al. 
(11)  with  the  modifications  previously  de- 
scribed (4).  Briefly,  this  method  involves  re- 
moval of  spleens  from  immunized  rats  and 
incubation  of  a  suspension  of  splenic  cells 
with  sheep  erythrocytes  in  agar.  Addition  of 
fresh  complement  subsequently  causes  lysis 
of  the  sensitized  erythrocytes  in  the  inmiedi- 
ate  vicinity  of  individual  APC.  The  clear 
plaques  surrounding  each  APC  are  counted. 

Results.  The  effects  of  the  various  defi- 
ciency states  on  the  number  of  splenic  APC 
in  inmiunized  rats  are  summarized  in  Table 
I.  Since  the  number  of  AFC  reaches  a  maxi- 
mum value  on  the  fourth  day  after  inmiuni- 
zation with  sheep  erythrocytes  (4),  APC  were 
determined  only  4  days  after  immunization 
in  the  present  study.  It  is  apparent  that  the 
number  of  splenic  AFC  was  reduced  in  all  of 


^  Grand  Island  Biological  Company,  Grand  Island, 
New  York. 
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TABLE  I.  Antibody-Forming  Cells  (AFC)  in  the  Spleens  of  Thiamin,  Riboflavin,  Biotin  and  Folk 

Acid-Deficient  Immunized  Rats." 


No.  of  rats 

AFC/10«  Splenic  cells 
Average           Range 

Body 

weight  (g)* 

Group 

Initial 

Final 

Control 

8 

160 

146-200 

56  ±  1 

242  ±9 

Thiamin-deficient 

7 

59 

39-81 

64±5 

76  ±6 

Riboflavin-deficient 

6 

16 

5-42 

57  ±6 

105  ±23 

Biotin-deficient 

6 

4 

1-6 

60±5 

130  ±  18 

Biolin-deficicnt,  trealcd*^ 

5 

54 

49-63 

60±5 

166  ±  16 

Folic  acid-deficient 

8 

10 

2-54 

62  ±8 

177  ±32 

Folic  acid-deficient,  treated'' 

5 

34 

6-62 

62  ±8 

185  ±  38 

'  Sheep  erythrocytes,  4  x  10"  per  rat,  were  administered  intravenously  4  days  before  removal  of  the  spleens. 

*  Body  weights  are  expressed  as  average  ±  SE.  Final  body  weight  was  recorded  at  the  time  of  sacrifice. 

*"  Each  rat  received  a  daily  intraperitoneal  injection  of  10  /ig  of  biotin  beginning  3  days  before  immunization  and 
continued  until  the  end  of  the  experiment. 

''  Each  rat  received  a  daily  intraperitoneal  injection  of  50  /ig  of  folic  acid  beginning  3  days  before  immunization 
and  continued  until  the  end  of  the  experiment. 


the  deficiency  states  under  study,  with  the 
least  effect  in  thiamin  deficiency.  Daily  ad- 
ministration of  biotin  or  folic  acid  for  7  days 
beginning  3  days  prior  to  inmiunization  par- 
tially restored  the  ability  of  the  corresponding 
deficient  animals  to  produce  AFC. 

Discussion.  The  present  study  has  demon- 
strated the  varying  effects  of  thiamin,  ribo- 
flavin, biotin  and  folic  acid  deficiencies  upon 
AFC  formation.  We  have  previously  reported 
that  the  production  of  circulating  antibodies 
following  the  administration  of  diphtheria 
toxoid  was  also  reduced  to  variable  degrees 
in  these  deficiency  states  (9).  Of  particular 
note  is  the  observation  that  thiamin  defi- 
ciency which  had  the  least  effect  upon  for- 
mation of  AFC  also  had  the  least  effect  upon 
the  production  of  circulating  antibodies.  Di- 
rect comparisons  of  the  effects  of  these  defi- 
ciencies upon  circulating  antibody  and  AFC 
formation  are  difficult  since  both  Uie  antigens 
and  the  mode  of  assessment  of  the  immune 
responses  differed  in  the  two  studies.  Whereas 
the  cellular  response  reported  in  the  present 
paper  is  associated  with  IgM  formation  (12, 
13),  the  serum  antibody  titers  determined  3-4 
weeks  after  immunization  with  diphtheria 
toxoid  (9)  reflects  both  IgM  and  IgG  concen- 
trations (14). 

The  adverse  effects  of  the  deficiency  states 
of  thiamin,  riboflavin  and  biotin  may  not  be 
attributed  to  the  delayed  formation  of  AFC 
after  immunization  since  the  number  of 
splenic  AFC  in  the  deficient  rats  was  less  on 
day  S  than  on  day  4  after  immunization. 
Thus,  the  number  of  antibody  forming  cells 


S  days  after  immunization  in  thiamin,  ribo- 
flavin, and  biotin-deficient  rats  was  47, 8  and 
1,  respectively.  Previous  studies  with  inani- 
tion controls  have  demonstrated  conclusively 
that  inanition  does  not  have  a  deleterious 
effect  upon  the  formation  of  AFC  (4,  5).  A 
similar  lack  of  effect  of  inanition  per  se  upon 
immune  responses  has  been  noted  frequently 
(1).  The  effects  of  the  deficiency  states  upon 
the  formation  of  AFC  in  the  present  study 
can,  therefore,  not  be  attributed  to  inanition. 

In  contrast  to  the  failure  to  restore  com- 
pletely the  capacity  to  fabricate  AFC  with 
short-term  therapy  with  either  biotin  or  folic 
acid,  this  decreased  cellular  immune  response 
was  restored  to  normal  by  similar  administra- 
tion of  vitamin  Be  or  pantothenic  acid  to 
deficient  animals  (4,  S). 

The  precise  function  of  the  B-complex  vi- 
tamins in  the  development  of  AFC  is  not 
known  although  the  adverse  effects  of  vi- 
tamin Be  deficiency  have  been  linked  to  the 
role  of  pyridoxal  phosphate  in  the  formation 
from  serine  of  one-carbon  unit  required  for 
the  synthesis  of  DNA  and  RNA  involved  in 
antibody  formation  (IS,  16).  The  immune 
response  is  a  complex  process  involving  the 
discrete  steps  of  antigen  processing,  differen- 
tiation of  progenitor  cells,  repUcation  of 
plasma  cells,  antibody  synthesis  and  transport 
of  newly-synthesized  antibodies  into  the  cir- 
culation. Much  further  study  will  be  required 
to  delineate  those  steps  whose  rates  are  con- 
trolled by  the  metabolic  activities  of  the  coen- 
zymatic  forms  of  these  vitamins.  Current  in- 
vestigations in  this  laboratory  involve  studies 
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effects  of  these  deficiency  states  upon 
antitation  of  various  cell  types  involved 
ibody  synthesis  and  their  interactions. 
imary.  The  formation  of  splenic  anti- 
forming  cells  was  determined  by  the 
agar-plaque  technique  in  normal  rats 
1  rats  deficient  in  thiamin,  riboflavin, 
or  folic  acid  immunized  with  sheep 
cxrytes.  The  number  of  antibody-form- 
Us  was  reduced  in  aU  deficiency  states 
biamin  deficiency  having  the  least  ef- 
his  decreased  ceUular  immune  response 
:in  and  folic  acid  deficiencies  was  par- 
estored  to  normal  by  administration  of 
or  folic  acid,  respectively,  shortly  be- 
imunization. 
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In  the  course  of  studies  in  which  endotoxin 
(LPS)  was  given  prior  to  whole  body  irradia- 
tion (WBI)  of  mice  with  AKR  lymphoma  in 
hopes  of  obtaining  greater  damage  to  the 
lymphoma  (1-3)  while  promoting  earlier  re- 
generation of  the  normal  hematopoietic  sys- 
tem (4,  5),  it  was  observed  that  relatively 
small  doses  of  LPS  killed  the  older  lymphoma 
bearing  AKR  mice  but  not  the  young  con- 
trols. Consequently,  the  present  series  of  stud- 
ies was  carried  out  to  begin  to  determine  the 
nature  of  this  difference  in  sensitivity  to  LPS. 
Since  AKR  mice  do  not  develop  spontaneous 
lymphoma  until  after  they  reach  about  6 
months  of  age  the  observed  sensitivity  to  LPS 
could  have  been  due  either  to  the  presence  of 
the  lymphoma  or  to  an  effect  of  having 
reached  the  age  at  which  lymphoma  devel- 
ops. In  order  to  determine  which  of  these 
factors  were  involved,  comparisons  were 
made  of  LPS  sensitivities  of  "old"  (6-8 
months)  mice  without  evidence  of  lymphoma, 
"old"  mice  with  spontaneous  lymphoma, 
**young"  (3-4  months)  mice  with  transplanted 
lymphoma  and  '*young"  nonlymphoma  bear- 
ing mice.  After  these  different  sensitivities 
were  defined  efforts  were  made  to  determine 
whether  or  not  some  factors  which  are  known 
to  change  with  or  be  associated  with  re- 
sponses to  LPS  might  be  different  in  these 
mice. 

Materials  and  methods.  Mice  were  AKR 
**young"  adult  (3-4  months)  or  "old"  (6-8 
months)  retired  breeder  or  virgin  females 
from  either  Jackson  Laboratories,  Bar  Har- 
bor, ME,  or  Charles  River  Breeding  Labo- 
ratories, Wilmington,  MN,  housed  5-10  per 
cage  at  about  23-2S''C  with  food  and  HCl 
(pH  2.4)  water  ad  libitum.  During  the  exper- 
iments mice  were  checked  at  least  once  dEuly 

'  Research  supported  by  a  grant  from  the  National 
Cancer  Institute  NIH  No.  5  ROI  CA  16227. 

'^We  appreciate  the  technical  assisUnce  of  Kenny 
Patrene  and  Marilyn  Walter. 

^  Leukemia  Society  of  America  Scholar. 


and  dead  animals  removed  for  necropsy. 
Mice  with  lymphoma  have  grossly  enlarged 
spleen,  thymus  and  inguinal  lymph  nodes  at 
necropsy.  The  median  and  ranges  of  body 
weights  were  27  (23-31)  g  for  6  month  ok! 
mice  used  and  24  (20-28)  g  for  12-week  old 
mice.  Although  6-8  months  would  be  consid- 
ered to  be  middle  age  for  many  strains,  AKR 
mice  have  reached  70-90%  of  their  mean  life 
span  at  6-8  months  and  begin  to  die  of  spon- 
taneous thymic  leukemia,  and  were  therefore 
defmed  as  "old". 

The  endotoxin  used  was  Salmonella  ty- 
phosa  lipopolysaccharide  B  0901  (LPS)  from 
Difco,  Detroit,  MI.  The  lyophilized  material 
was  diluted  to  a  concentration  of  2000  /ig/ml 
in  0.9%  NaCl,  and  stored  frozen  at  -10**C  in 
25  ml  aliquots.  The  same  2-year  old  stock 
solution  was  used  for  all  of  the  studies,  and 
was  diluted  the  day  before  intraperitoneal 
injection.  Aliquots  were  given  as  /ig  LPS  per 
mouse.  Death  after  injection  of  LPS  usually 
occurred  within  1-3  days  and  data  are  ex- 
pressed as  3-day  mortality. 

The  radiation  source  was  a  Picker  X-ray 
Unit  operating  at  200  KV,  IS  mA,  with  0^ 
mm  Cu  and  1  mm  Al  filtration.  The  dose 
rate  of  100  rads/min  was  calculated  firom  the 
dose  measured  by  Victoreen  dosimetry  in  air 
at  the  center  of  the  plastic  mouse  container. 
Dry  weights  of  intestines  were  obtained  as 
previously  described  (6). 

The  transplanted  lymphoma  was  from  the 
24th  and  92nd  passage  of  10^  spleen  cells 
collected  just  prior  to  death  of  previously 
injected  mice.  Death  after  each  passage  oc- 
curred within  a  very  tight  time  span  after 
injection  ( 1 1  ±  2  days  and  7  ±  2  days  for  the 
passages  used).  Endotoxin  was  injected  5-^ 
days  before  the  time  of  expected  death. 

Reticuloendothelial  (RE)  function  was 
tested  by  measuring  rates  of  clearance  of 
carbon  from  the  blood.  Colloidal  carbon 
was  Gunther  Wagner's  (Special  Ink) 
#C1 1/1431 A  (generously  given  to  us  by  Dr. 
Lola  KeUy)  and  prepared  according  to  the 
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iscribed  by  Halpem  et  al,  (7)  and 

Finney  (8).  Blood  was  obtained 
e  of  the  retro-orbital  sinus  with  a 
I    capillary    tube.    For    platelet 

of  blood  was  diluted  in  lOOA  of 
m  into  a  segment  of  Teflon  tubing 
sealed  at  one  end,  spun  at  ISO  g 
and  platelet  rich  plasma  was  di- 
Isoton  for  electronic  counting. 
re  expressed  as  platelets  per  mm^ 
d.  Nucleated  cell  counts  were  also 
y  Coulter  Counter  and  differen- 
lade  from  100  Wright  stained  cells 
p  blood  smears. 

used  include,  in  the  case  of  gut 
Iculation  of  mean  ±  1  SE  and,  in 
*  blood  cell  counts  calculation  of 
nean  ±  1  SE.  For  survival  studies, 
»  were  compared  by  chi-square 
lin  tests  or  Fisher  exact  confidence 
s  where  each  was  appropriate  (9). 

geometric  means  were  compared 
•tudent's  /  test.  Standard  errors  of 


ad   were   calculated   by 


V? 


percent  dead,  q  —  percent  alive 
imber  of  animals  tested.  A  proba- 
;ss  than  P  ^  0.05  was  taken  to 
gniflcant  differences.  LD50  data 
led  by  probit  analysis. 
Effect  of  age.  When  survival  was 
ifter  various  doses  of  LPS  given  to 
212  "old"  and  apparently  non- 
licc  and  261  *'young"  mice,  it  was 
It  the  lower  doses  the  "old"  mice 
I  more  sensitive  to  LPS  than  the 
ice.  Data  for  "old"  virgin  females 
1  breeder  females  from  Charles 
ickson  Labs  were  not  significantly 
ad  data  were  pooled.  A  single  in- 
LPS  was  not  lethal  in  young  adult 
)ses  of  64  /ig  or  less  (Fig.  1).  In 
;thal  effects  were  seen  at  doses  as 
g  in  "old"  mice.  Both  curves  for 
I  old  mice  tended  to  level  ofT  at 
S  doses,  where  256  /ig  killed  only 
e  **young"  mice  and  94%  of  the 
.  Probit  analysis  gave  LD50/3  val- 
t  50  fxg  for  **young"  mice  and  28 
"old"  mice. 

f  lymphoma  in  young"  mice.  If 
ojected  5-6  days  prior  to  the  ex- 
5  of  death  for  "young"  adult  mice 


with  transplanted  lymphoma  (total  of  70 
mice)  the  lethal  effects  were  much  greater 
than  in  the  normal  nontransplanted  controls. 
Deaths  in  the  mice  with  lymphoma  were  seen 
with  a  dose  as  low  as  25  [xg  LPS  and  100% 
were  killed  by  100  jixg  compared  to  53%  in  the 
normal  controls  (Fig.  2).  Unlike  the  control 
curve,  the  curve  for  lymphoma  mice  failed  to 
level  off  at  high  LPS  doses. 

Effect  of  lymphoma  in  old  mice.  Since  at  6 
months  of  age  some  AKR  mice  begin  to  show 
clinical  signs  of  lymphoma  and  the  trans- 
planted lymphoma  caused  increased  sensitiv- 


DOSE  OF  ENDOTOXIN  ^ig  1 

Fig.  I.  Percent  deaths  in  young  (3-4  months)  and 
old  (6-8  months)  AKR  mice  given  1,  5,  10,  16,  25,  32, 
50,  64,  75,  100,  128,  150  or  256  /&g  Salmonella  typhosa 
endotoxin.  Deaths  were  cumulative  over  3  days  after  ip 
injection  of  the  endotoxin  into  mice.  Old  mice  (open 
diamonds)  were  either  virgin  or  retired  breeder  females. 
Young  mice  (closed  diamonds)  were  virgin  females.  The 
variations  shown  were  calculated  as  Vps/n.  The  two 
curves  were  significanUy  different  at  P  <  0.001. 


0  50         100        150       200       250 

DOSE  OF  ENDOTOXIN   (/ig) 

Fig.  2.  Percent  deaths  in  young  mice  without  (from 
Figure  1)  and  with  a  growing  transplanted  AKR  lym- 
phoma (closed  diamonds)  3  days  aAer  various  doses  of 
endotoxin.  None  of  the  tumor  bearing  mice  died  within 
the  3-day  interval  if  no  endotoxin  was  injected.  These 
curves  were  different  when  paired  values  are  compared 
(/><  0.001). 
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ity  to  LPS,  the  status  of  the  "old"  mice  with 
regard  to  lymphoma  was  determined.  Mice 
with  advanced  lymphoma  were  identifled  by 
their  obviously  enlarged  lymph  nodes  and 
spleen  and  excluded  from  our  study  as  they 
often  die  just  from  the  trauma  of  handling. 
The  74  "old"  mice  with  lymphoma  included 
in  the  study  had  either  no  palpable  lymph 
nodes  or  spleen,  or  nodes  that  were  palpable 
but  not  grossly  enlarged.  At  death,  or  at 
termination  of  the  experiment  all  the  mice 
were  necropsied  and  classified  as  either  hav- 
ing lymphoma  or  not.  The  "old"  mice  with 
spontaneous  lymphoma  showed  no  evidence 
of  greater  sensitivity  as  compared  to  "old" 
mice  without  lymphoma  (Fig.  3).  However, 
the  shape  of  the  curves  for  "old"  mice  with 
lymphoma,  like  that  of  mice  with  trans- 
planted lymphoma  may  have  been  different 
from  that  of  mice  with  no  lymphoma  in  that 
they  failed  to  level  off  at  high  doses  of  LPS. 
Effect  of  preirradiation.  Smith  et  al.  (10) 


100-, 


I ' ' ' '  I '  ■ '  ■  I  ■ 


200      250 


DOSE  OF  ENDOTOXIN  (>jg) 

Fig.  3.  Percent  deaths  in  old  nonleukemic  mice 
(from  Fig.  1 )  and  old  leukemic  mice  (closed  diamonds) 
given  various  doses  of  endotoxin.  These  curves  were  not 
significantly  different  {Pst  0.5). 


have  shown  that  radiation  increased  sensitiv- 
ity to  LPS  injection.  This  increased  sensitivity 
was  greatest  3  days  after  radiation  and  was 
prevented  by  shielding  the  gut  but  not  by 
shielding  the  marrow  from  radiation.  We 
tested  the  combined  lethal  effects  of  radiation 
and  endotoxin  on  "old"  and  **young"  AKR 
mice  (Table  I).  LPS  was  injected  3  days  after 
radiation  and  deaths  were  recorded  for  the 
next  3  days  (to  6  days  postirradiation).  The 
data  provide  some  evidence  that  "old"  mice 
were  more  sensitive  to  radiation  since  higher 
death  rates  were  recorded  for  "old"  than  for 
"young"  mice  at  all  radiation  doses  even 
when  no  LPS  was  given.  It  is  also  evident 
from  these  data  that  the  combined  effects  of 
radiation  and  LPS  are  more  lethal  in  "'old'' 
than  in  '*young"  AKR  mice. 

In  old  mice  all  doses  of  radiation  resulted 
in  greater  sensitivity  to  endotoxin  significant 
at  P  ^  0.05  for  400  rads,  P  «  0.005  for  500 
rads,  and  P  <  0.001  for  both  600  and  700 
rads  (data  in  Table  I).  In  young  mice  only  the 
highest  dose  (700  rads)  resulted  in  signifi- 
cantly increased  sensitivity  to  endotoxin  (P 
<  0.001)  (see  Table  I);  400,  500  or  600  rads 
failed  to  do  so.  No  deaths  were  seen  in  any  of 
these  mice  at  doses  of  endotoxin  below  32  fig. 
At  32  /ig,  64  /ig  and  128  /ig  the  combined  data 
for  400  to  600  rads  gave  1/40  (3%),  6/30 
(20%)  and  14/25  (56%)  deaths  resp^vely 

Tests  for  possible  causes  ofdfferent  sensitiv- 
ities. Since  previous  data  suggested  that  th( 
greater  sensitivity  to  endotoxin  seen  after  ra- 
diation might  be  prevented  by  gut  shielding 
(10)  and  since  other  data  have  shown  that 
dry  weight  of  the  small  intestine  reflects  ra- 
diation damage  to  the  mucosal  tissue  (6),  we 
measured  the  change  in  small  intestine  dry 


TABLE  I.  Death  of  "Young"  and  **Old*'  AKR  Mice  Exposed  to  Radiation  and  Given  S,  typkasa 

Endotoxin  3  Days  Later. 


Number  Dead/Total  Tested  (%)« 

Young  (3-4 
months) 

Endotoxin  dose 

Q4> 

Old  (6-8  months) 

400  rads 

500  rads                 600  rads 

700  rads 

700  rads 

0 

0/12(0) 

0/13(0)                 4/30(13) 

10/20  (50) 

1/15  (7) 

1-2 

1/6(17) 

2/27(7)                  6/28(21) 

8/23(35) 

4/20  (20) 

4-5 

2/6  (33) 

5/12(42)                5/13(38) 

0/20(0) 

8 

0/6  (0) 

2/13(15)                3/14(21) 

0/10  (0) 

16 

3/13(23) 

10/14(71)                9/13(69) 

8/15(53) 

32 

9/13(69) 

5/6(83)                 14/14(100) 

14/14(100) 

9/15(67) 

64 

12/12(100) 

4/5(80)                29/29(100) 

13/13(100) 

128 

6/18(33) 

14/14(100)            29/29(100) 

14/14(100) 

"  Nonirradiated  control  dau  from  these  experiments  were  included  in  the  figures. 
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3n  days  2,  3  and  5  after  700  rads 
on.  There  was  no  difference  in  gut 
between  the  "young"  and  "old"  non- 
c  mice.  Weights  dropped  to  82  and 
pcctively  on  day  2  and  returned  to 
Drmal  levels  on  day  S. 
irement  of  gut  weights  of  "old"  Icu- 
lice  was  complicated  both  by  loss  of 
e  to  their  greater  radiosensitivity  and 
)resence  of  enlarged  Peyer's  patches 
ecome  small  after  irradiation.  When 
tches  were  removed  before  weighing, 
em  of  gut  weight  change  began  the 
Topping  to  82%  on  day  2)  but  no  mice 
day  S  and  all  the  weights  were  lower 
nonleukemic  mice, 
mction  was  tested  by  determining  the 
emoval  of  colloidal  carbon  from  the 
fter  iv  injection.  The  half  times  for 
clearance  were  measured  in  "young" 
na  bearing  mice  and  non-lymphoma 
"old"  mice.  Both  were  able  to  remove 
carbon  from  their  blood  as  rapidly 
young"  controls  tested  on  the  same 
^2  of  34  ±  2  minutes  for  control  and 
or  lymphoma  and  30  ±  4  for  control 
b  1  for  "old"  groups). 

neutrophils  and  platelets  can  partic- 
the  removal  of  injected  LPS  (1 1-17) 
nulocytes  have  been  said  to  partici- 
activation  of  intravascular  coagula- 
1  precipitation  of  soluble  fibrin  by 
in  (18).  Blood  cell  counts  in  "young" 
1"  mice  and  mice  with  transplant^ 
na  done  3  days  posttransplantation 
significant  differences  in  both  the 
:yte  and  platelet  counts.  Mice  with 
nted  lymphoma  had  higher  blood 
7te  counts  (S300  ±  610/cubic  nmi) 
^er  platelet  counts  (1.2  ±  0.24  x 
c  nmi)  than  "young"  control  mice 

200/cubic  nun  and  3.6  ±  0.24  X 
c  nmi).  Similarly  "old"  mice  had 
at  higher  granulocyte  counts  (3000 
ubic  mm)  and  much  lower  platelet 
0.86  ±  0.14  X  10^/cubic  mm)  than 
mg"  controls. 

man.  The  present  results  indicate 
li  "old"  age  and  presence  of  lym- 
an  cause  greatly  increased  sensitivity 
oxin  (LPS).  The  largest  differences  in 
ty  between  "young"  and  "old"  mice 
n  at  lower  LPS  doses.  At  higher  LPS 
>th  groups  had  some  resistant  mice. 


The  presence  of  lymphoma  seemed  to  affect 
the  mice  given  high  as  well  as  low  LPS  doses. 
At  the  lower  doses  of  LPS  the  presence  of 
spontaneous  lymphoma,  however,  did  not  in- 
crease the  sensitivity  over  that  of  "old"  mice. 
It  seemed  possible  from  this  that  the  "old" 
mice  might  have  reached  a  maximum  sensi- 
tivity. These  data  may  indicate  that  difTer- 
ences  in  sensitivity  associated  with  age  differ- 
ence is  different  than  that  associated  with 
lymphoma. 

There  are  a  number  of  circumstances 
which  lead  to  greatly  increased  sensitivity  to 
LPS.  These  include,  adrenalectomy  (19),  al- 
tered reticuloendothelial  function  (20-22)  or 
blockade  (23),  vaccination  with  BCG  (24), 
serial  zymosan  injections  (25),  elevated  am- 
bient temperature  (26-27),  previous  irradia- 
tion (10),  irradiation  plus  acute  graft  versus 
host  reaction  (17),  and  immunosuppression 
(28).  When  we  used  one  of  these,  irradiation, 
it  was  possible  to  further  increase  the  sensi- 
tivity of  the  "old"  mice.  The  relative  increase 
in  sensitivity  due  to  irradiation,  though  evi- 
dent in  lower  radiation  doses  in  "old"  than 
in  "^young"  mice,  was  hard  to  evaluate  be- 
cause the  "old"  mice  proved  also  to  be  more 
sensitive  to  the  radiation. 

Many  previous  studies  have  shown  that 
"old"  mice  are  more  sensitive  to  radiation 
than  '*young"  adult  mice  (29-33)  but  the 
strains  of  mice  used  in  those  studies  are  not 
"old"  or  more  radiosensitive  until  they  reach 
about  17-20  months,  and  in  our  studies  the 
"old"  mice  were  only  6-8  months  old.  In 
terms  of  life  span,  however,  these  ages  are 
more  alike.  Thus  the  responses  to  LPS  and 
radiation  of  "old"  AKR  mice  may  reflect 
early  senescence. 

Mechanisms  which  could  be  responsible 
for  increased  sensitivity  to  exogenous  LPS 
include  increased  release  of  endogenous  LPS 
from  the  gut  (9,  15,  17,  37-45);  decreased 
ability  to  remove  or  detoxify  LPS  (11-17, 
20-23,  45-47);  increased  responsiveness  of 
physiologic  mechanism(s)  leading  to  death; 
and  loss  of  "protective"  homeostatic  mecha- 
nism(s). 

There  is  evidence  that  the  changes  in  the 
gut  may  be  involved  in  these  sensitivities.  Gut 
radiosensitivity  increases  steadily  with  age 
from  3  months  to  23  months  in  C57B1/6J 
mice  (32,  33).  Studies  of  Smith  et  al.  (10) 
showed  that  radiation-induced  increased  sen- 
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sitivity  to  LPS  could  be  prevented  by  GI 
shielding,  and  other  data  suggesting  changes 
in  mucosal  transit  time  in  the  gut  with  aging 
(34).  These,  taken  together,  prompted  us  to 
measure  postirradiation  small  intestinal 
weight  changes.  In  the  present  studies  gut 
weights  decreased  to  the  same  degree  and 
increased  at  the  same  time  and  rate  in  both 
"old"  and  *'young"  mice.  Gut  weight  is  a 
crude  measure  of  mucosal  changes  after  ir- 
radiation although  it  has  been  useftil  in  other 
studies  (35,  36)  in  reflecting  mucosal  damage 
and  regeneration.  It  is  still  possible  that  the 
vascular  or  mucosal  integrity  might  be  dam- 
aged by  radiation  or  injection  of  LPS  and 
this  might  lead  to  more  release  of  endogenous 
LPS  from  the  gut  of  "old"  or  leukemic  AKR 
mice. 

In  our  studies  the  capacity  for  RE  clearance 
was  studied  by  determining  the  T1/2  for  the 
removal  of  colloidal  carbon  from  the  blood. 
The  half  time  for  carbon  clearance  in  young 
lymphoma  bearing  mice  and  nonleukemic 
mice  was  not  signijficantly  different  from  that 
of  young  normal  control  AKR  mice.  These 
studies  suggest  that  RE  clearance  was  normal 
and  that  a  decreased  ability  to  remove  LPS 
by  the  RE  system  is  not  the  mechanism  for 
the  observed  sensitivity  differences. 

Blood  neutrophil  concentration  was  higher 
but  platelet  concentration  was  lower  in  "old" 
mice  or  young  tumor  bearing  mice  as  com- 
pared to  '"young"  mice.  Endotoxin  has  an 
affinity  for  membranes  (48)  and  injected 
endotoxin  rapidly  becomes  associated  with 
cells  of  the  buffy  coat,  particularly  platelets 
(11-16).  Although  the  significance  of  these 
interactions  has  not  been  established,  animals 
which  survive  LD50  doses  of  endotoxin  are 
able  to  maintain  adequate  levels  of  granulo- 
cytes, platelets  and  coagulation  factors,  but 
those  that  die  do  not  (49).  Both  granulocytes 
and  platelets  appear  to  have  some  ability  to 
reduce  mortality  caused  by  endotoxin  (1 1-17, 
37)  but,  conversely,  both  cell  types  have  also 
been  implicated  in  the  development  of  the 
pathophysiologic  aspects  of  endotoxemia 
(18).  For  example,  there  is  the  possibility  that 
elevated  granulocyte  counts  at  the  time  of 
LPS  injection  may  cause  more  injury  by 
release  of  more  lysosomal  constituents.  It  is 
clear  that  in  the  progression  toward  final 
cardiovascular  collapse  these  cells  participate, 
but  it  is  not  clear  how  the  process  starts  or 


why  it  might  be  worse  in  "old"  or  "leukemic'' 
mice. 

Summary.  Lethality  following  a  single  in- 
jection of  Salmonella  typhosa  endotoxin 
(LPS)  was  found  to  be  higher  for  6-  to  10- 
month  "old"  AKR  than  for  '*young"  adult 
(3  months  old)  of  the  same  strain.  "Young" 
AKR  mice  with  transplanted  lymphoma  were 
also  more  sensitive  to  the  lethal  effects  of 
endotoxin  than  the  nonlymphomatous 
"young"  mice.  Exposure  to  radiation  3  days 
prior  to  endotoxin  injection  increased  sensi- 
tivity in  both  the  normal  **young"  mice  and 
the  "old"  AKR  mice  but  significant  increases 
were  seen  at  lower  radiation  doses  in  the 
"old"  mice.  "Old"  mice  were  more  sensitive 
to  the  radiation  than  "young"  mice.  Several 
possible  causes  for  differences  observed  were 
investigated.  Reticuloendothelial  function  as 
measured  by  rate  of  clearance  of  colloidal 
carbon  from  blood  was  the  same  for  **young" 
and  "old"  mice.  Previous  studies  have  impli- 
cated the  gut  in  the  increased  sensitivity  to 
endotoxin  seen  3  days  after  radiation.  The 
present  studies  showed  no  differences  be- 
tween young  and  old  in  degree  of  small  in- 
testine weight  loss  or  rate  of  recovery  after 
700  rads  X-ray  exposure.  Although  counts  of 
blood  granulocytes  were  somewhat  higher 
and  platelets  were  somewhat  lower  for  the 
**young"  tumor-bearing  and  "old"  mice  as 
compared  to  **young"  controls,  it  is  not  ob- 
vious how  this  might  affect  the  differences  in 
LPS  sensitivity  observed.  These  data  suggest 
that  effects  of  "old"  age,  lymphoma,  or  com- 
bined "old"  age  and  radiation  may  lead  to 
unexpected  lethal  effects  from  relatively  small 
doses  of  endotoxin.  The  biological  reason  for 
this  increased  sensitivity  remains  obscure. 
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It  has  long  been  established  that  rats  adjust 
to  caloric  dilution  of  their  diet  by  increasing 
the  amount  of  food  eaten.  The  adjustments 
have  occurred  within  1  day  when  the  food 
was  diluted  prior  to  feeding  (1,  2)  or  before 
injection  into  the  stomach  (3,  4).  In  the  pres- 
ent study,  rats  that  lost  a  substantial  portion 
of  their  ingested  food  from  the  intestines 
failed  to  increase  their  food  intake  for  S  days. 
During  this  period,  the  amount  of  food  eaten 
appeared  to  be  regulated  by  signals  that  arose 
in  the  mouth,  throat,  stomach,  proximal  duo- 
denum or  the  lower  intestines. 

Surgical  preparation.  Eight  pairs  of  para- 
biotic Lewis  rats  were  prepared  by  uniting 
the  skin  and  muscle  of  the  abdomen  (S).  A 
circular  opening  with  a  diameter  of  3-4  cm 
was  made  in  the  abdominal  wall  of  each  rat 
of  a  parabiotic  pair  to  produce  a  common 
peritoneal  cavity.  In  four  pairs  of  parabiotic 
rats,  a  30  cm  segment  of  one  rat's  intestines 
was  exchanged  for  an  equivalent  segment  of 
its  partner's  intestines.  This  was  accomplished 
by  transecting  the  intestines  of  each  rat  about 
S  cm  below  the  stomach  at  midduodenum. 
The  proximal  ends  of  each  rat's  duodenum 
were  united  by  7-0  Connell  sutures  to  the 
distal  ends  of  its  partner's  duodenum  (see 
Fig.  1).  The  intestines  were  crossed  back  30 
cm  further  down  the  digestive  tract  at  mid- 
jejunum.  In  this  surgical  preparation  the  food 
eaten  by  one  rat  arrived  in  its  own  stomach, 
traveled  through  5  cm  of  its  own  proximal 
duodenum  to  the  distal  duodenum  of  the 
other  rat.  It  then  traversed  30  cm  of  the  other 
rat's  distal  duodenum  and  proximal  jejunum 
before  the  remaining  unabsorbed  food  re- 
turned to  the  intestine  of  the  rat  that  fed.  The 
crossed  segment  is  more  than  one  quarter  of 
the  total  length  of  the  rat's  small  intestines 
(about  110  cm)  and  is  located  in  the  most 
proximal  region.  The  rats  recovered  from 
surgery  after  a  few  days  and  continued  to 
gain  weight  in  the  postsurgical  period.  They 
were  normally  vigorous  and  showed  no  signs 


of  stress  once  an  adjustment  to  paired  life 
had  been  made. 

Absorption  study.  The  food  eaten  by  one 
rat  of  a  crossed  intestines  pair  was  absorbed 
from  the  intestines  into  the  blood  of  both  rats. 
The  percentage  of  food  absorbed  into  each 
rat  can  be  estimated  by  measuring  the  relative 
amounts  of  a  fed  radioactive  nutrient  that  has 
been  absorbed  into  the  blood  of  each  rat. 
Three  pairs  of  each  type  of  rat  were  included 
in  the  study.  The  rats  were  deprived  of  food 
for  12  hr  and  then  one  rat  of  each  pair  was 
injected  with  a  meal  at  the  rat's  average  feed- 
ing rate  (9  ml/8  min)  through  a  chronically 
implanted  stomach  tube  (6).  The  injected 
meal  consisted  of  9  ml  of  their  normal  Uquid 
diet,  Nutrament  (Mead-Johnson  Nutrition- 
als)  which  contained  60%  carbohydrate,  29% 
protein  and  11%  fat  by  weight.  The  liquid 
diet  meal  was  thoroughly  mixed  with  trace 
amounts  of  glucose-^H  or  amino  acid-^H  tm 
(International  Chemical  and  Nuclear  Corp.). 
One-tenth  milliliter  of  blood  was  withdrawn 
from  each  rat's  tail  just  before  the  injection 
and  every  10  min  after  the  injection  began. 
The  blood  sample  was  precipitated  in  3  ml  of 
Bray's  solution  and  1  ml  of  the  fluid  was 
withdrawn,  diluted  with  20  ml  of  Bray's  so- 
lution and  counted  in  a  Beckman  2S0  scintil- 
lation counter.  Counting  efficiency  was  essen- 
tially constant  for  all  of  the  sample  tubes. 

Results.  As  can  be  seen  in  Fig.  2,  the  glu- 
cose-^H  was  rapidly  absorbed  into  the  blood- 
stream of  the  fed  parabiotic  rat.  Only  a  small 
quantity  of  radioactive  label  was  transferred 
through  the  capillaries  in  the  skin  and  muscle 
of  the  parabiotic  union  to  the  bloodstream  of 
the  unfed  parabiotic  rat.  In  contrast,  glucose- 
^H  mixed  into  the  diet  fed  to  one  of  the 
crossed  intestines  rats  was  rapidly  al>sorbed 
into  both  rats.  There  was  no  signiflcant  dif- 
ference in  the  blood  levels  of  radioactive 
glucose  in  these  rats  at  10,  30,  or  60  min  {F 
=  0.29  at  60  min,  P  >  0.25). 

Figure  3  presents  the  same  data  when 
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.  1.  Diagram  of  a  crossed  intestines  rat  pair.  The 
id  gastrointestinal  tract  belongs  to  one  rat  and  has 
k1  supply  and  neural  connections  intact. 

>  acid-^H  mix  (a  typical  algal  protein 
»lysate  with  IS  common  amino  acids) 
sen  added  to  the  diet  which  was  injected 
>ne  rat  of  each  pair.  Again,  approxi- 
y  half  of  the  radioactive  amino  acids 
absorbed  into  the  bloodstream  of  each 
it  ten  minutes,  a  significantly  greater 
nt  of  amino  acid  had  been  ab^rbed 
lie  unfed  crossed  intestines  rat  than  into 
mner  rat  that  was  fed  (F  -  18.3,  P  < 
or  into  the  parabiotic  control  rat  that 
Ml  (F  -  29.1,  P  <  0.01).  Since  approxi- 
y  equal  amounts  of  radioactive  amino 
were  present  in  the  fed  rats  of  each  pair 
0.07,  P  >  0.25),  the  data  suggest  that 
was  initially  a  more  rapid  emptying  of 
omach  contents  of  the  fed  crossed  intes- 
rats.  These  stomach  contents  passed  into 
irtner  rat's  intestines  and  were  absorbed 
during  the  next  10-20  min.  By  30  and 
n,  the  blood  levels  of  the  amino  acids  in 
crossed  intestines  partner  were  not  sig- 
ntly  different  (F  -  0.03  at  60  min,  P  > 
suggesting  that  the  initial  rapid  rate  of 
tch  emptying  had  been  inhibited  by  nor- 
hysiological  processes  in  the  fed  crossed 
ines  rat.  Once  the  initial  adjustments 
a  meal  were  complete,  the  radioactive 

>  add  was  divided  about  equally  in  the 
rossed  intestines  rats. 


Both  absorption  studies  show  that  approx- 
imately half  of  the  free  glucose  or  amino 
acids  present  in  the  food  eaten  by  one  crossed 
intestines  rat  was  absorbed  into  each  rat  of 
the  pair.  These  measurements  provide  only  a 
rough  estimate  of  the  amount  of  food  ab- 
sorbed into  each  rat.  First,  the  diet  contained 
complex  foods  that  required  enzyme  diges- 
tion and  would  not  necessarily  be  absorbed 
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MINUTES 
Fig.  2.  The  number  of  radioactive  counts  present  in 
a  0. 1  ml  sample  of  blood  taken  every  ten  minutes  from 
each  rat*s  tail  after  one  rat  in  each  pair  had  been  infused 
with  its  normal  diet  mixed  with  trace  amounts  of  glu- 
cose-^. Data  is  presented  for  both  the  fed  (solid  sym- 
bols) and  the  unfed  (open  symbols)  rats  of  each  type  of 
pair. 
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MINUTES 
Fig.  3.  Same  as  Fig.  2  except  that  the  infused  meal 
has  been  mixed  with  tritium  labeled  amino  acid  mix. 
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at  the  same  rate  as  free  nutrients.  Second,  the 
blood  levels  of  radioactive  nutrients  are  influ- 
enced by  two  dynamic  processes:  their  ab- 
sorption from  the  gut  and  their  removal  from 
the  blood  by  the  body's  tissues.  If  rate  of 
removal  differed  in  the  two  rats,  then  the 
blood  levels  of  the  radioactive  nutrients 
would  not  reflect  the  absorption  rate.  Fortu- 
nately, the  blood  levels  of  the  labelled  nutri- 
ents are  approximately  the  same  in  the 
crossed  intestines  rats,  and  thus,  rate  of  re- 
moval is  not  likely  to  be  greatly  different. 

Behavioral  study.  Both  absorption  studies 
show  that  a  substantial  proportion  of  the  food 
eaten  by  one  crossed  intestines  rat  was  ab- 
sorbed into  each  rat  of  the  pair.  Under  nor- 
mal circumstances  when  both  rats  were  feed- 
ing, each  rat  absorbed  the  amount  of  food 
that  it  ate.  The  food  lost  from  the  intestines 
of  one  rat  was  gained  from  the  food  eaten  by 
its  partner.  Only  when  the  food  intake  of  one 
rat  was  restricted,  as  in  the  following  behav- 
ioral study,  did  the  feeding  rat  suffer  a  loss  of 
nutrients. 

In  the  behavioral  experiment,  the  rats  were 
placed  on  a  twelve  hour  food  deprivation 
schedule.  They  were  allowed  to  eat  during 
the  night  from  9:00  pm  untU  9:00  am  while 
kept  restrained  in  modified  Bollman  restrain- 
ing cages  (7).  These  cages  had  a  plastic  par- 
tition that  prevented  the  rats  from  eating  each 
other's  food.  During  the  daytime  hours,  the 
rats  were  returned  to  home  cages  where  they 
could  exercise.  They  had  water  freely  avail- 
able at  all  times. 

The  results  of  the  experiment  are  presented 


in  Fig.  4.  During  the  first  5  days,  the  amount 
of  food  eaten  by  each  rat  stabilized  and  the 
weight  of  the  rat  pairs  remained  constant.  On 
the  6th  day  the  liquid  diet,  Nutrament,  fed  to 
the  rats  was  diluted  with  an  equal  quantity  of 
water.  As  in  previous  studies  (1,  3)  the  rats 
increased  the  volume  of  food  eaten  within 
one  day,  but  they  never  fully  compensated 
for  the  caloric  dilution.  They  ate  on  the  av- 
erage 1.66  times  their  normal  food  volume 
and  consequently  lost  some  weight  during  the 
three  days  of  food  dilution.  During  days  9-11, 
the  rats  were  again  fed  their  normal  diet  and 
their  weight  stabilized. 

On  the  12th  day,  the  critical  experiment 
began.  Only  one  rat  of  each  pair  was  allowed 
to  feed.  For  the  parabiotic  rat  pairs,  no  ad- 
justment in  food  intake  was  expected.  The 
parabiotic  rat  that  was  allowed  to  eat  would 
feed  itself.  A  small  amount  of  nutrient  in  the 
blood  would  pass  from  this  rat  through  the 
capillary  connections  in  the  parabiotic  union 
to  the  partner  rat.  However,  all  blood  return- 
ing from  the  partner  rat  would  contain  mo- 
bilized free  fatty  acids,  amino  acids  and  glu- 
cose. Very  little  net  loss  of  nutrient  from  the 
feeding  parabiotic  partner  would  be  expected. 
As  can  be  seen  in  Fig.  4,  the  fed  parabiotic 
rats  did  not  increase  their  food  intake 
throughout  the  five  day  period  as  had  been 
expected.  (F  =  0.06,  P  »  0.25). 

On  the  other  hand,  the  fed  crossed  intes- 
tines rat  would  lose  a  substantial  portion  of 
its  food  to  the  intestines  of  its  partner  (see 
Figs.  2  and  3).  However,  no  food  would  enter 
its  own  crossed  intestines  segment  because  its 
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Fig.  4.  The  daily  food  intake  and  body  wei^t  for  pairs  of  crossed  intestines  rats  and  parabiotic  rats.  The  food 
intake  for  the  left  and  ri^t  rats  in  each  pair  were  plott^  separately.  The  left  rats  of  both  pair  types  were  not  fed  on 
days  12-16. 
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er  was  not  fed.  If  the  feeding  behavior 
;  fed  crossed  intestines  rats  were  affected 
lysiological  signals  normally  arising  in 
m  crossed  intestinal  segment  or  by  the 
amount  of  food  absorbed,  the  fed  rat 
d  have  increased  the  amount  of  food 

to  compensate  for  the  food  lost  to  its 
er.  As  can  be  seen  in  Fig.  4,  the  fed 
id  intestines  rats  did  not  increase  their 
intake  for  5  days.  The  amount  eaten 
g  these  days  is  not  significantly  different 
the  amount  eaten  during  the  preceding 
ubsequent  control  periods  (F  =  0.86,  p 
15).  llie  failure  of  these  rats  to  increase 
intake  when  a  substantial  portion  of  the 
mt  was  lost  from  the  intestines  to  the 
er  did  not  result  from  the  lack  of  stom- 
apacity.  When  the  diet  was  diluted  by 
{ual  volume  of  water,  all  the  rats  in- 
sd  the  amount  eaten  by  an  average  of 
nl,  an  increase  that  is  statistically  highly 
leant  (F=  175.5,  P  <  0.001).  The  stom- 
of  these  rats  must  have  held  the  in- 
sd  volume  of  the  diluted  diet  until  the 
1  water  had  been  slowly  absorbed, 
over,  the  average  largest  intake  on  a 
;  day  for  each  of  the  experimental  rats 
g  the  control  period  is  7.3  ml  more  than 
^erage  intake  during  the  intestinal  dilu- 
The  rats  could  have  adjusted  to  loss  of 
snt  by  consistently  eating  at  least  an 
ional  7.3  ml  of  liquid  diet  each  day,  but 
did  not  do  so.  On  days  17-21,  food  was 

to  both  rats  of  each  type  of  pair.  Food 
e  of  both  the  fed  and  previously  unfed 
vas  normal  during  this  period,  and  the 
lowly  gained  weight. 
;ure  4  shows  that  the  rats  ate  their  usual 
tity  of  food  when  only  one  rat  of  each 
was  allowed  to  feed  despite  the  loss  of 
t  50  g  of  body  weight  for  both  types  of 
iir.  This  loss  was  approximately  6%  of 
body  weight  and  comprises  about  one 
of  the  body  fat  of  normal  rats  (8).  If  we 
le  that  the  glucose  and  amino  acid  ab- 
ion  curves  give  a  reasonably  fair  esti- 

of  the  amount  of  food  absorbed,  then 
t  one  third  of  the  body  fat  was  lost  in 
member  of  the  crossed  intestines  pairs 
ibout  two-thirds  of  the  body  fat  was  lost 
i  unfed  parabiotic  rats.  This  assumption 
not  tested  by  carcass  analysis  in  this 

because  measurements  of  postdepriva- 


tion  food  intake  and  return  of  body  weight 
were  desired.  Carcass  analysis  would  provide 
a  check  on  the  assumptions  about  the  amount 
of  food  absorbed  in  each  crossed  intestines 
rat  and  has  been  incorporated  in  current  ex- 
periments. In  the  present  study,  the  depriva- 
tion period  was  restricted  to  5  days  in  order 
to  maintin  the  unfed  parabiotic  rats  in  a 
healthy  condition  since  rats  die  after  7-8  days 
without  food  (9). 

Discussion.  Two  previous  studies  have 
crossed  the  intestines  of  rats  without  crossing 
them  back.  In  one  study,  the  intestines  were 
crossed  just  below  the  stomach  (10)  and  in 
the  other,  at  midduodenum  (11).  In  both 
studies,  the  feeding  behavior  of  the  few  sur- 
viving rats  was  highly  erratic  with  one  rat 
eating  continually  while  its  partner  stopped 
eating  at  all.  This  peculiar  pattern  of  eating 
behavior  which  I  have  also  observed  on  sim- 
ilar preparations  was  probably  due  to  the  loss 
of  an  important  reflex  that  affects  intestinal 
motility.  The  gastroileal  reflex  mediated  by 
the  release  of  gastrin  after  food  enters  the 
stomach,  causes  food  to  move  from  the  smaU 
to  the  large  intestines  (12).  When  the  intes- 
tines is  crossed  in  only  one  direction,  the 
gastrin  is  released  in  one  rat  but  the  target 
organ,  the  terminal  ileum,  is  in  the  other  rat. 
Thus,  feeding  does  not  lead  to  normal  move- 
ment of  food  along  the  intestines.  I  have  done 
one  short-term  food  intake  experiment  on  rat 
pairs  which  have  the  intestines  crossed  over 
and  back  (6).  In  this  previous  study,  the 
crossing  of  the  intestinal  segment  occurred  10 
cm  further  down  the  intestinal  tract  at 
mid-jejunum  and  the  crossed  segment  was 
only  25  cm  long.  A  glucose-^H  absorption 
study  similar  to  the  one  reported  here  has 
shown  that  most  of  the  radioactive  glucose 
was  absorbed  into  the  fed  rat  of  those  crossed- 
intestines  pairs.  Since  free  gluose  is  absorbed 
in  the  upper  portions  of  the  digestive  tract 
(13),  the  glucose-^H  absorption  study  in  the 
previous  paper  gave  an  underestimate  of  the 
amount  of  food  absorbed.  This  conclusion 
was  supported  by  the  concurrent  measure- 
ment of  the  blood  levels  of  the  less  rapidly 
absorbed  sugar,  3-0-methyl-rf-glucose[^^C], 
in  a  double  label  experiment.  A  comparison 
of  the  absorption  curves  of  both  studies  shows 
that  the  additional  10  cm  of  lower  duodenum 
and  upper  jejunum  included  in  the  crossed 
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segment  of  the  present  study  is  important  for 
the  absorption  of  free  glucose.  This  crossed 
segment  is  also  an  important  site  for  the 
absorption  of  complex  carbohydrate,  protein 
and  fat  (12).  The  present  study  extends  the 
previous  results  by  crossing  a  longer  and 
more  proximal  segment  of  the  small  intestines 
and  by  extending  the  test  feeding  period  from 
one  hour  to  S  days.  The  results  of  both  studies 
are  consistent:  crossing  the  intestines  of  rat 
pairs  does  not  alter  food  intake  during  the 
first  hour  of  feeding  or  during  a  S-day  period. 
In  all  studies,  rats  have  adjusted  to  dilution 
of  their  diet  by  substantially  increasing  their 
food  intake.  Even  rats  that  have  been  trained 
to  press  a  lever  to  deliver  food  directly  to 
their  stomach  were  able  to  compensate  for 
changes  in  their  diet  (3,  4).  When  their  diet 
was  diluted  with  an  equal  volume  of  water, 
they  doubled  the  volume  of  diet  delivered  to 
their  stomach.  When  each  lever  press  deliv- 
ered a  smaller  amount  of  food,  they  increased 
their  lever  pressing  to  compensate  for  the  lost 
nutrient.  In  the  present  study,  the  rats  need 
only  increase  the  amount  of  food  eaten  to 
compensate  for  nutrient  loss  from  its  intes- 
tines. Despite  the  loss  of  a  substantial  portion 
of  the  fed  nutrient,  the  rats  did  not  increase 
their  food  intake  during  a  S-day  period.  Ap- 
parently, the  rats  will  compensate  for  a  de- 
crease in  food  delivered  to  their  stomachs  but 
not  for  food  lost  from  their  intestines.  A 
satiety  signal  must  arise  from  those  sections 
of  the  digestive  tract  that  are  stimulated  by 
food.  In  the  feeding  rat,  these  sections  include 
the  mouth,  throat,  stomach,  proximal  duo- 
denum and  the  lower  jejunum  and  ileum. 
The  signal  is  either  neural  or  hormonal  since 
it  appears  to  be  affected  by  the  amount  of 
food  present  in  the  stomach  and  some  sec- 
tions of  the  small  intestines,  but  not  by  the 
amount  of  nutrient  absorbed.  This  internal 
signal  continues  to  control  food  intake  for  S 
days  even  though  a  substantial  amount  of  the 


food  eaten  is  lost  from  the  intestines,  th( 
metabolism  of  the  rat  shifts  to  a  greater  de- 
pendence on  free  fatty  acids  and  body  weighl 
is  reduced  by  6%. 

Summary,  Four  pairs  of  parabiotic  rats  had 
a  thirty  cm  segment  of  each  rat's  distal  duo- 
denum and  proximal  jejunum  exchanged  for 
the  same  segment  of  the  partner's  intestines. 
The  food  eaten  by  one  rat  of  each  pair  was 
absorbed  in  nearly  equal  amounts  into  both 
rats.  When  the  liquid  diet  was  diluted  with 
an  equal  volume  of  water,  the  rats  adjusted 
by  nearly  doubling  their  food  intake  in  1  day. 
When  the  rats  lost  a  substantial  portion  of 
their  ingested  food  from  their  intestines,  they 
failed  to  increase  their  food  intake  during  S 
days.  The  amount  of  food  eaten  was  unaf- 
fected by  a  considerable  decrease  in  the 
amount  of  absorbed  nutrient  and  a  6%  d^ 
crease  in  body  weight. 
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netically  obese  Zucker  rat  transmits 
s  a  Mendelian  recessive  trait  (1). 
:nt  is  frequently  studied  as  a  model 
le-onset  obesity  in  humans  because 
ie  Zucker  rats  (2)  and  certain  types 
lumans  (3)  demonstrate  many  sim- 
bolic,  endocrinologic  and  morpho- 
ormalities.  Although  major  difTer- 
ipid  metabolism  between  obese  and 
lals  and  humans  have  been  reported, 
iterations  in  protein  metabolism  in 
-e  much  less  well  defined. 
:ant  deviations  in  growth  between 
1  lean  Zucker  rats  occur  at  an  early 
at  continues  to  accumulate  progres- 
oughout  life  (4,  S).  Carcass  analyses 
hese  observations;  obese  rats  dem- 
ignificant  increases  in  body  fat  and 
in  carcass  protein  and  water  com- 
their  lean  littermates,  even  under 
ing  conditions  (6,  7).  Obese  rats  are 
t  in  their  utilization  of  dietary  nitro- 
compared  to  lean  rats;  less  nitrogen 
:ed  to  body  protein  and  more  nitro- 
n^ted  by  the  obese  (8,  9).  Physical 
Qcreases  the  body  protein  content  of 
Zucker  rat  but  not  to  the  level  of 
10).  An  impairment  in  growth  hor- 
kluction  has  been  suggested  as  an 
on  for  the  generation  of  stunting 
»ity  in  the  obese  Zucker  rat  (4). 
lormone  deficiency  in  children  re- 
wth  and  leads  to  increased  deposi- 
dy  fat;  growth  hormone  administra- 
ses  these  effects  (11).  Obese  humans 
ate  a  significantly  blunted  response 
i  which  increase  growth  hormone 
lean  subjects,  e.g.,  exercise  (12),  ar- 
>,  14)  and  1-dopa  (15,  16). 
I  protein  metabolism  in  obesity  is 
ested  in  studies  of  protein  synthesis 
lo  acid  levels.  Obese  Zucker  rats 
ate  increased  levels  of  hepatic  pro- 
lesis  (17,  18),  however,  the  protein 
f  livers  from  obese  rats  appears  to 


be  reduced  compared  to  hepatic  protein  levels 
in  lean  rats  (18).  Circulating  levels  of  leucine, 
isoleucine,  valine,  phenylalanine  and  tyrosine 
are  elevated  and  glycine  is  reduced  in  obese 
compared  to  lean  subjects  (19). 

The  present  study  was  designed  to  investi- 
gate collagen  metabolism  in  skin  of  lean  and 
obese  Zucker  rats.  This  protein  and  tissue 
were  selected  because  of  (a)  the  ubiquitous 
and  abundant  occurrence  of  collagen,  and  (b) 
the  observation  that  the  skin  of  obese  rats 
tears  and  wounds  more  easily  than  the  skin 
of  lean  animals  (20).  The  results  reported 
here  indicate  a  normal  collagen  composition 
but  an  abnormal  accumulation  of  lipid  in  the 
skin  of  obese  Zucker  rats.  The  reduced  break 
strength  of  skin  from  obese  rats,  due  probably 
to  the  decreased  amount  of  collagen  per  cm^ 
caused  by  a  displacement  of  collagen  fibers 
by  lipid,  may  explain  the  frequent  skin  tear- 
ing. 

Materials  and  Methods,  Animals,  Geneti- 
cally obese  rats  and  lean  littermates  pur- 
chased from  L.  M.  Zucker  (Harriet  G.  Bird 
Memorial  Laboratory,  Stow,  MA)  were 
housed  in  wire-bottomed  cages  in  a  temper- 
ature-regulated (22^)  light-controlled  room. 
Animals  were  Cm!  Purina  Laboratory  Chow 
ad  libitum  prior  to  sacrifice. 

Determination  of  skin  collagen.  The  animals 
were  killed  by  decapitation,  their  backs  were 
shaved,  a  section  (approximately  8x5  cm) 
of  skin  was  removed  from  the  midportion  of 
the  back  and  then  the  skin  was  freed  of 
adhering  subcutaneous  tissues.  Eight  punches 
were  made  through  the  full  thickness  skin 
using  a  No.  8  cork  borer.  The  skin  punches 
were  divided  randomly  into  two  equal  sam- 
ples, the  wet  weights  of  the  samples  were 
recorded,  and  then  the  samples  of  skin  were 
dried  by  lyophiUzation.  After  recording  the 
dry  weight,  the  pieces  of  skin  were  extracted 
overnight  at  room  temperature  with  20  ml  of 
chloroform-methanol  (2:1).  The  pieces  of 
skin  were  dried  under  a  stream  of  nitrogen. 
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and  then  the  lipid-free  dry  weight  was  re- 
corded. The  skin  samples  were  hydrolyzed  at 
105**  for  24  hr  in  5  ml  of  6  AT  HCl.  The 
amount  of  hydroxyproline  in  the  hydrolysate 
was  determined  using  a  Technicon  autoana- 
lyzer  (21).  The  hydroxyproline  values  were 
multiplied  by  7.23  to  obtain  collagen  equiv- 
alents (22). 

Extraction  and  characterization  of  skin  col- 
lagen. Skin  samples  (1-1.5  g)  were  minced 
and  then  shaken  with  10  ml  of  0.5  M  acetic 
acid  for  24  hr  at  4"*.  Insoluble  material  was 
collected  by  high  speed  centrifugation,  then 
reextracted.  The  supematants  were  removed 
by  decantation.  The  combined  supematants 
were  dialyzed  exhaustively  against  0.05  M 
acetic  acid,  then  dried  by  lyophilization.  The 
skin  residue  after  acid  extraction  was  treated 
with  pepsin  according  to  the  procedure  of 
Chung  and  Miller  (23).  The  pcpsin-solubi- 
lized  collagen  was  dialyzed  at  4^  against  0.15 
M  phosphate  buffer  (pH  7.6)  and  then  against 
the  same  buffer  containing  1.5  M  NaCl.  The 
precipitate  which  formed  during  dialysis  was 
collected  by  centrifugation.  The  pellet  was 
redissolved  and  the  precipitation  with  1.5  M 
NaCl  repeated.  The  supematants  from  the 
first  and  second  precipitations  were  com- 
bined. The  pellet  was  dissolved  in  0.5  M 
acetic  acid  and  then  the  dissolved  pellet  and 


the  supematant  were  dialyzed  against  O.OS  M 
acetic  acid.  Following  dialysis,  the  samples 
were  dried  by  lyophilization.  DifTerential  sah 
precipitation  (23,  24)  of  pepsin-solubilized 
collagen  yields  a  fraction  enriched  in  Type 
III  collagen  (1.5  A/  NaCl-insoluble)  and  a 
fraction  enriched  in  Type  I  collagen  (1.5^ 
NaCl-soluble). 

Break  strength  of  skin.  A  section  of  bade 
skin  was  removed  and  cleaned  of  hair,  sub- 
cutaneous fat,  and  fascia.  The  full  thidkness 
skin  was  cut  into  strips  1.25  cm  wide  and  the 
break  strength  of  the  skin  measured  using  an 
Instron  Universal  Testing  Instrument  (Can- 
ton, MA)  equipped  with  100  kg  tension  load 
ceU. 

Results  and  discussion.  Composition  of  the 
skin.  Data  concerning  the  chemical  compo- 
sition of  skin  from  obese  and  lean  Zucker 
rats  are  presented  in  Table  I.  The  skins  from 
the  obese  animals  contained  significantly 
more  lipid  per  g  wet  weight  than  did  the  sluns 
from  their  lean  counterparts,  even  though  all 
skins  were  free  of  visible  subcutaneous  fat 
and  fascia.  This  effect  which  was  more  pro- 
nounced in  females  than  in  males  was  also 
more  pronounced  in  the  younger  animals 
than  in  the  older  animals.  The  amount  of 
water  and  of  lipid-free  dry  residue  per  g  wet 
weight  was  decreased  in  the  obese  skins  when 


TABLE  I.  Composition  of  Skin  from  Obese  and  Lean  Zucker  Rats. 


Skin  Composition" 

Animals 

_  A«^_  _ 

Body  weight 

%HjQ 

%  Lipid 

%  Lipid-free  dry- 
residue 

Female  lean 

2  months 

"  170  ±4~ 

68.3  ±  1.6 

8.2  ±1.0 

24.6  ±  0.4 

(6) 
6  months 

59.8  ±  0.6 

4.5  ±  0.3 

35.6  ±  0.4 

Female  obese 

(7) 
2  months 

235  ±8 

41.2  ±  1.6* 

41.9  ±2.1* 

16.8  ±  0.6* 

(6) 
6  months 

42.5  ±  3.8* 

36.1  ±4.1* 

21.4  ±  1.4* 

Male  lean 

(7) 
3  months 

256  ±  12 

65.9  ±  2.0 

6.7  ±2.1 

27.1  ±0.7 

(5) 
6  months 

61.0  ±0.6 

5.4  ±  0.4 

33.5  ±  0.3 

Male  obese 

(7) 
3  months 

340  ±  12 

46.5  ±  3.4* 

34.4  ±  3.7* 

19.1  ±0.5* 

(4) 
6  months 

53.9  ±  2.6* 

18.5  ±  2.7* 

27.6  ±  0.9* 

(7) 

"  Percentage  values  for  skin  composition  are  expressed  as  percent  of  wet  weight.  The  numbers  in  parentheses 
represent  the  number  of  animals  in  each  group.  Means  ±  SE  of  the  mean  are  reported. 

*  These  values  for  the  skins  from  obese  animals  are  significantly  different  from  the  values  for  the  skins  from  age 
and  sex  matched  lean  animals  at  the  level  of  P  <  0.05  (Student*s  /  test). 


COLLAGEN  COMPOSITION  OF  THE  SKIN  FROM  ZUCKER  RATS 


437 


id  to  lean  skins.  These  data  suggest 
re  may  be  an  atypical  infiltration  of 
o  the  skin  of  the  obese  Zucker  rat. 
^en  content  of  skin.  Table  II  shows  the 
nparing  the  collagen  content  of  skin 
)ese  Zucker  rats  with  the  collagen 
of  skin  from  age  and  sex  matched 
cker  rats.  When  the  collagen  values 
pressed  as  mg  collagen  per  g  wet 
»r  per  g  dry  weight,  the  skins  from  the 
Its  contained  significantly  less  colla- 
n  the  skins  from  the  lean  animals, 
r,  when  the  collagen  values  were  ex- 
as  mg  collagen  per  g  lipid-free  dry 
edl  differences  in  the  collagen  content 
from  lean  and  obese  animals  disap- 
On  a  mg  collagen  per  cm^  of  skin 
e  skins  from  the  obese  animals  again 
>d  significantly  less  collagen  than  the 
>m  lean  animals.  These  data  demon- 
at  the  ratio  of  collagen  to  noncollagen 
due  (lipid-free)  is  the  same  in  skins 
in  and  obese  animals.  Therefore,  the 
t  decrease  in  the  collagen  content  (mg 
per  g  wet  or  dry  wei^t)  of  the  skins 
ese  Zucker  rats  probably  results  from 
>rmal  accumulation  of  Upid  in  the 
her  than  from  a  defective  deposition 
x>llagen. 
rties  of  collagen  from  skin  of  obese 


and  lean  Zucker  rats.  The  data  in  Table  III 
demonstrate  that  the  ratio  of  acid  soluble  to 
acid  insoluble  collagen  was  the  same  for  skins 
from  obese  and  lean  animals  of  either  sex. 
There  was  a  slight  but  significant  increase  in 
the  amount  of  pepsin-solubilizable  collagen 
in  the  skin  of  obese  females  when  compared 
to  lean  females.  No  such  increase  was  found 
for  the  male  animals.  The  ratio  of  1.5  3/ 
NaCl-soluble  (Type  I  enriched)  to  1.5  3/ 
NaCl-insoluble  (Type  III  enriched)  collagen 
in  the  pepsin  soluble  fraction  was  the  same 
for  all  groups  of  animals.  These  data  taken 
together  with  the  data  in  Tables  I  and  II 
suggest  that  the  collagen  of  obese  skins  is 
essentially  normal  and  not  different  from  the 
collagen  of  lean  skins  when  compared  on  the 
basis  of  quantity  per  g  lipid-free  dry  weight, 
on  the  basis  of  solubility  in  acid,  or  on  the 
basis  of  the  ratio  between  1.5  M  NaCl-soluble 
and  1.5  M  NaCl-insoluble  collagen.  The  data 
demonstrating  that  the  obese  skins  contain 
less  collagen  per  cm^  of  full  thickness  skin 
than  the  lean  skins  suggest  either  that  the 
obese  skins  may  be  thinner  or  that  the  density 
of  collagen  per  cm^  of  obese  skin  is  decreased 
because  of  displacement  of  collagen  fibers 
due  to  the  abnormal  accumulation  of  lipid. 
Break  strength  of  skin.  The  break  strength 
of  skin  from  obese  animals  was  significantly 


TABLE  II.  Collagen  Content  of  Skin  from  Obese  and  Lean  Zucker  Rats. 


Age- 
2  months 

Collagen  content  of  skin'^ 

mg  collagcn/g 
me  collagen/g      lipid-free  dry  wt. 
dry  wt.  skin                  skin 

463.6  ±21.2            616.2  ±  10.5 

nals 

mg  coUagen/g 
wet  wt.  skin 

mg  colU^en/cm^ 
skm 

lean 

I5L4±4.5 

— 

(6) 
6  months 

262.5  ±  7.8 

656.0  ±21.0 

738.9  ±  23.6 

26.1  ±  1.4 

obese 

(7) 
2  months 

106.8  ±  3.(r 

182.4  ±  8.  r 

636.8  ±  26.4 

(6) 
6  months 

158.4  ±  20.  r 

301.6  ±63.3'^ 

728.0  ±  26.3 

22.5  ±  0.7*^ 

an 

(7) 
3  months 

159.9  ±  8.2 

476.1  ±39.2 

589.3  ±  22.6 

(5) 
6  months 

248.9  ±  5.4 

640.6  ±  15.5 

743.2  ±  II.3 

39.4  ±  2.0 

t>ese 

(7) 
3  months 

117.5  ±3.4'^ 

222.7  ±  18.2'- 

615.2  ±  1 1.4 

(4) 
6  months 

205.4  ±  12.0^^ 

463.6  ±  50.8'^ 

743.1  ±  13. 1 

29.4  ±  1.2'^ 

(7) 

lumbers  in  parentheses  represent  the  number  of  animals  in  each  group, 
s  ±  SE  of  the  mean  are  reported. 

values  for  the  skins  from  obese  animals  are  significantly  different  from  the  values  for  the  skins  from  age 
atched  lean  animals  at  the  level  of  P  <  0.05. 


438 


COLLAGEN  COMPOSITION  OF  THE  SKIN  FROM  ZUCKER  RATS 


TABLE  III.  Properties  of  Collagen  from  the  Skin  of  Obese  and  Lean  Zucker  Rat.^ 


mg  Collagen/ 100  mg  recovered 

collagen* 

Pepsin- 

-solubilized  collagen*  sol.  in 
1.5  M  NaCl 

Acid  soluble        Pepsin  soluble 

Insoluble 

Animals 

pepsin- 

solubilized  collagen  pp(.  by 
1.5)i#NaCl 

Female  lean  (6) 
Female  obese  (4) 
Male  lean  (6) 
Male  obese  (4) 

11.3  ±0.7            31.4  ±1.2 

12.4  ±0.8             38.0  ±1.0^ 
15.4  ±1.2             35.8  ±2.1 
16.7  ±1.8             33.4  ±1.3 

57.3  ±  1.3 

49.6  ±  1.8'^ 

48.7  ±  3.2 
49.9  ±  2.7 

5.8  ±  0.4 
5.2  ±  0.2 
5.8  ±  0.4 
5.8  ±  0.2 

"  These  studies  were  done  on  skins  from  animals  sacrificed  at  6  months  of  age.  The  numbers  in  parentheses 
represent  the  number  of  animals  in  each  group. 

*  Means  ±  SE  of  the  means  are  reported.  The  recovery  of  collagen  (acid  sol.  +  pepsin  sol.  +  insoluble/toul 
collagen)  averaged  83.3%  with  a  range  from  71.6%  to  108.8%. 

'P<0.05. 


TABLE  IV.  Break  Strength  of  Skin  from  Obese 
AND  Lean  Zucker  Rats. 


Animals 


Female  lean  (3) 
Female  obese  (3) 
Male  lean  (3) 
Male  obese  (3) 


Break  strength"  (kg) 

10.7  ±  0.7 
8.0  ±  0.6* 
17.1  ±  1.1 
12.7  ±  0.7* 


"  Animals  (males,  8  months  old;  females  9  months 
old)  were  sacrificed  and  strips  of  back  skin  1.25  cm  wide 
prepared.  The  break  strength  of  the  skins  was  measured 
as  described  in  Materials  and  methods.  Means  ±  SE  of 
the  mean  are  reported.  Number  in  parentheses  represent 
the  number  of  animals  in  each  group. 

*  These  values  for  the  obese  animals  are  significantly 
different  from  the  values  for  age  and  sex  matched  lean 
animak  at  the  level  of  P  <  0.05. 

lower  than  the  break  strength  of  skin  from 
lean  animals  (Table  IV).  These  data  are  in 
agreement  with  those  demonstrating  a  de- 
creased amount  of  collagen  per  cm^  of  obese 
skin  since  the  break  strength  of  skin  is,  in 
general,  a  function  of  collagen  content  per 
unit  area  (25).  The  decreased  break  strength 
of  the  obese  skins  may  explain  the  observa- 
tion that  the  skin  of  obese  animals  tears  and 
wounds  more  easily  than  the  skin  of  lean 
animals. 

Summary,  The  skins  of  obese  Zucker  rats 
contained  per  g  wet  weight  significantly  more 
lipid  and  significantly  less  water  than  did  the 
skins  from  age  and  sex  matched  lean  Zucker 
rats.  The  obese  skins  also  contained  less  col- 
lagen than  the  lean  skins  when  compared  on 
the  basis  of  mg  collagen  per  g  wet  weight,  per 
g  dry  weight,  or  per  cm^  of  skin;  however,  no 
difference  was  found  when  the  skins  were 
compared  on  the  basis  of  mg  collagen  per  g 
lipid-free  dry  weight.  The  solubility  proper- 
ties of  the  collagen  from  obese  and  lean  skins 
were  the  same  while  the  break  strength  of  the 


obese  skins  was  decreased.  The  results  indi- 
cate that  skins  from  obese  Zucker  rats  have 
a  normal  collagen  composition  but  an  abnor- 
mal lipid  composition.  The  reduced  break 
strength  of  the  skin  from  obese  rats,  due 
probably  to  the  decreased  amount  of  coUageo 
per  cm^  of  skin  caused  by  a  displacement  of 
collagen  fibers  by  lipid,  may  explain  the  f^^ 
quent  skin  tearing  observed  in  the  obese  rats. 

S.  Zvolensky*s  assisunce  in  the  preparation  of  this 
manuscript  is  gratefully  acknowledged. 

1.  Zucker,  L.  M.,  and  Zucker,  T.  F.,  J.  Heredity  52, 275 

(1961). 

2.  Bray,  G.  A..  Fed.  Proc.  3d,  14«  (1977). 

3.  Bray,  C,  **Recent  Advances  in  Obesity  Research:  P. 
p.  56.  Newman  Publishing,  Ltd.,  London  (1975). 

4.  Zucker,  L.  M..  J.  Nutr.  91, 247  (1967). 

5.  Johnson,  P.  R.,  Zucker,  L.  M.,  Cruce,  J.  A.  P..  and 
Hirsch.  J.,  J.  Lipid  Res.  12, 706  (1971). 

6.  Zucker.  L.  M.,  Proc.  Soc.  Exp.  Biol.  Med.  148,498 
(1975). 

7.  Pullar,  J.  D..  and  Webster,  A.  J.  F..  Brit.  J.  Nutr  31, 
377(1974). 

8.  Martin,  R.  J..  Fed.  Proc.  35, 2291  (1976). 

9.  Deb,  S.,  Martin,  R.  J.,  and  Hershberger,  T.  V..  J 
Nutr.  106,  191  (1976). 

10.  Deb,  S.,  and  Martin,  R.  J.,  J.  Nutr.  105,  543  (1975). 

11.  Tanner,  J.  M.,  and  Whitehouse,  R.  H.,  J.  EndocrinoL 
39,263(1967). 

12.  Hansen,  A.  P.,  Scand.  J.  Clin.  Ub.  Invest.  31, 175 
(1973). 

13.  Beck,  P.,  Koumans,  J.  H.  T.,  Winterling,  C.  A..  Sim 
M.  F.,  Daughaday,  W.  H.,  and  Kipnis,  D.  M..  J 
Ub.  Clin.  Med.  64, 654  (1964). 

14.  Londono,  J.  H.,  Gallagher,  T.  F.,  and  Bray,  G.  A. 
Meubolism  18, 986  (1969). 

15.  Mims,  R.  B.,  Stein,  R.  B.,  and  Bethune,  J.  E.,  J.  Clin 
Endocrinol.  MeUbol.  37,  34  (1973). 

16.  Fingerhut,  M.,  and  Krieger,  D.  T.,  MeUbolism  23. 
267(1974). 


COLLAGEN  COMPOSITION  OF  THE  SKIN  FROM  ZUCKER  RATS 


43 


17.  Fillios,  L.  C,  and  Yokono,  O.,  MeUbolism  15,  279 
(1966). 

18.  Fillios,  L.  C,  and  Saito,  S.,  MeUbolism  14,  734 
(1965). 

19.  Felig.  P.,  Marliss,  E.,  and  Cahill,  G.,  New  Eng.  J. 
Med.  281,  811  (1969). 

20.  Zucker,  T.  F.,  and  Zucker,  L.  M.,  Proc.  Soc.  Exp. 
Biol.  Med.  110,165(1962). 

21.  Delfosse,  L.,  OrlofT,  S.,  Rao,  V.  H.,  Strosberg,  E., 


280(1975). 

22.  Neuman,  R.  E.,  and  Logan,  M.  A.,  J.  Biol.  Chen 
184,299(1950). 

23.  Chung,  E.,  and  Miller,  E.  G.,  Science  183,  12( 
(1974). 

24.  Trelsud,  R.  L.,  Catanese,  V.  M.,  and  Rubin,  D.  I 
Anal.  Biochem.  71, 1 14  (1976). 

25.  Vogel,  H.  G.,  Conn.  Tis.  Res.  2,  197  (1974). 


and  Verbruggen,  L.,  Indian  J.  Biochem.  Biophys.  12,      Received  September  19, 1977.  P.S.E.B.M.  1978,  Vol  15 


ntOCEEDINOS  OF  THE  SOCIETY  FOR  EXKAIMEHTAL  BIOLOGY  AND  MEDICINE  IS7,44(M4I  (1978) 


Stimulation  of  Gastrin  Release  in  Dogs  by  Individual  Amino  Acids  (40072) 


ULRICH  T.  STRUNZ,  JOHN  H.  WALSH,  and  MORTON  I.  GROSSMAN 

VA  Wadsworth  Hospital  Center,  and  UCLA  School  of  Medicine,  Los  Angeles,  California  90073 


Although  it  is  well  established  that  placing 
mixtures  of  amino  acids  into  the  stomach 
increases  serum  gastrin  concentration,  there 
are  only  a  few  studies  of  the  effects  of  indi- 
vidual amino  acids  (1).  In  this  study  21  L- 
amino  acids  were  instilled  into  gastric  fistulas 
in  dogs  and  the  effect  on  serum  gastrin  con- 
centration was  noted. 

Methods  and  materials.  Dogs,  Two  or  more 
months  before  the  tests  were  started,  three 
dogs  (18-24  kg)  had  a  Thomas  type  cannula 
(2)  placed  in  the  stomach  to  form  a  gastric 
fistula. 

Amino  acids,  Amino  acids  were  bought 
from  Calbiochem,  La  Jolla,  CA.  With  the 
exception  of  tryptophan  which  was  used  at 
SO  n^  concentration,  all  other  amino  acids 
were  used  at  100  mA/.  The  osmolarity  of  all 
amino  acid  solutions  and  of  the  150  mA/ 
NaCl  control  solution  was  adjusted  to  360 
mOsm  kg"^  with  mannitol  and  the  pH  was 
adjusted  to  7.4  with  1  M  NaOH.  As  a  stan- 
dard stimulant  for  acid  secretion  and  gastrin 
release,  12%  liver  extract  (Liver  Concentrate 
Powder,  Reheis  Chemical,  Phoenix,  AR)  was 
used  at  pH  7.4. 

Procedure.  After  an  18-hr  fast,  the  gastric 
fistula  was  opened  and  the  stomach  washed 
with  water.  The  test  solution  was  then  in- 
stilled into  the  gastric  fistula  by  peristaltic 
pump  at  a  rate  of  10  ml  min"^  for  30  min. 
The  solution  remaining  in  the  stomach  was 
drained  for  2  min. 

Serum  gastrin.  Samples  of  blood  were 
drawn  from  a  leg  vein  at  0,  15,  and  30  min 
after  starting  the  infusion  of  the  test  solution. 
Blood  was  allowed  to  clot  at  5°,  serum  was 
removed  within  2  hr  and  stored  at  -20°  until 
the  assay  was  performed.  Serum  gastrin  was 
measured  by  radioimmunoassay  using  anti- 
body 1296  as  previously  described  (3).  The 
mean  of  the  increment  above  basal  of  the  15 
and  30  min  values  was  taken  as  the  gastrin 
response  in  each  test. 

Statistics.  Each  amino  acid  and  liver  extract 
was  tested  three  times  in  each  dog  and  saline 


was  tested  12  times  in  each  dog.  The  order  of 
tests  was  randomized.  The  significance  of 
differences  between  the  mean  response  to 
saline  and  to  the  other  test  substances  was 
tested  by  analysis  of  variance.  The  results  in 
the  table  are  expressed  as  means  plus  or 
minus  between-dog  standard  errors. 

Results.  Only  four  of  the  amino  adds 
caused  a  significantly  greater  increase  in  se- 
rum gastrin  than  saline:  cysteine,  phenylala- 
nine, tryptophan,  and  hydroxyproline  (Tabic 
I).  The  increase  in  serum  gastrin  in  response 
to  the  most  potent  amino  acids  (cysteine  and 
phenylalanine)  was  not  significantly  different 
from  that  produed  by  liver  extract.  The  fluid 
drained  from  the  stomach  at  the  end  of  the 
30-min  period  of  perfusion  with  amino  acids 
had  a  pH  above  4.0  in  all  instances.  The 
volume  of  fluid  recovered  from  the  stomach 
was  significantly  greater  than  the  saline  con- 
trol after  instillation  of  cysteine,  tryptophan, 
and  liver  extract  (Table  1). 

Discussion.  Before  radioimmunoassay  of 
gastrin  was  available,  it  was  assumed  that  any 
agent  which  when  perfused  into  an  antral 
pouch  evoked  secretion  of  acid  from  a  Hei- 
denhain  pouch  did  so  by  releasing  gastrin. 
Using  this  method,  Elwin  (4)  found  that  all 
of  the  amino  acids  he  tested,  namely,  glycine, 
a-alanine,  )8-alanine,  sarcosine,  phenylala- 
nine, and  lysine  produced  statistically  signif- 
icant stimulation  of  acid  secretion.  Similarly, 
Konturek  and  coworkers  (5)  found  that  all  of 
the  18  amino  acids  which  they  tested  by  this 
method  stimulated  acid  secretion  but  only 
phenylalanine  produced  a  significant  increase 
in  serum  gastrin.  Using  intragastric  titration 
in  human  subjects,  Byrne  and  coworkers  (6) 
found  that  tryptophan  and  phenylalanine 
caused  an  increase  in  serum  gastrin  and  stim- 
ulated acid  secretion;  aspartic  acid,  leucine, 
cysteine,  serine,  histidine,  alanine,  methio- 
nine, and  valine  stimulated  acid  secretion  but 
did  not  cause  an  increase  in  serum  gastrin; 
and  isoleucine,  lysine,  arginine,  glutamic 
acid,  threonine,  glycine,  hydroxyproline,  and 
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Mean  (±SE)  Increment  Above  Basal  of 
4  Gastrin  and  Mean  (±SE)  Volume 
ED  from  the  Stomach  After  Infusing 
Substances  into  the  Stomach  at  10  ml 
Min"'  for  30  Min. 


Increment  in 

Volume  re- 

ate 

gastrin  (pg  ml') 

covered  (ml) 

23  ±9 

51  ±28 

12  ±4 

62  ±  12 

20  ±5 

113  ±32 

d 

19  ±6 

I13±41 

24  ±9 

40±  10 

62  ±  14* 

202  ±  38* 

id 

22  ±4 

139  ±32 

3±7 

63  ±  14 

17  ±5 

98  ±42 

20  ±7 

52  ±9 

line 

29  ±8* 

113  ±30 

4±5 

72  ±25 

12  ±5 

149  ±  26 

18  ±5 

155  ±  30 

12  ±3 

59  ±  15 

ine 

53  ±  19* 

100  ±  17 

17  ±8 

82  ±  18 

22  ±5 

61  ±  10 

22  ±6 

79  ±  16 

39  ±7* 

293  ±  23* 

20  ±4 

66±  11 

I 

51  ±8* 

281  ±40 

15  ±4 

86  ±23 

cantly  greater  than  saline  control,  P  <  0.05. 

either  stimulated  acid  secretion  nor 
n  increase  in  serum  gastrin.  The 
lat  emerges  from  all  of  these  studies 
tile  many  amino  acids  stimulate  acid 
only  a  few  release  gastrin.  The  dis- 
between  acid  secretion  and  release 
I  is  probably  not  attributable  to  in- 
sensitivity  of  the  radioimmunoassay 
a  because  earlier  studies  showed  that 
exogenous  gastrin  that  produced 
1  acid  responses  also  produced  de- 
increases  in  immunoassayable  gas- 
lood  (7).  Some  mechanisms  other 
ase  of  gastrin  by  which  amino  acids 
imulate  acid  secretion  include:  (a) 
:ids  may  stimulate  acid  secretion  by 
a  neural  reflex  comparable  to  that 
>y  distention  (8);  (b)  Solutions  of 
ids  may  act  in  part  by  directly  stim- 
tie  oxyntic  glands  they  are  bathing 
iadno  acids  may  release  from  the 
ind/or  intestine  (10)  hormonal  stim- 
'  acid  secretion  other  than  gastrin, 
tional  hormone(s)  may  be  related  to 
lit  not  immunoreactive  to  antibodies 


to  gastrin  or  may  be  unrelated,  (d)  Amino 
acids  absorbed  into  the  blood  may  stimulate 
acid  secretion  (11). 

In  an  earlier  study,  we  (10)  found  that 
infusion  of  liver  extract  into  the  duodenum 
of  antrectomized  dogs  did  not  cause  an  in- 
crease in  serum  gastrin  so  we  presume  that 
the  increases  found  in  the  present  study  are 
mainly  of  antral  origin. 

Although  the  only  two  amino  acids  which 
slowed  gastric  emptying,  cysteine  and  tryp- 
tophan, also  released  gastrin,  the  other  two 
amino  acids  which  released  gastrin,  phenyl- 
alanine and  hydroxyproline,  did  not  affect 
gastric  emptying.  Stephens  et  al  (12)  also 
found  that  tryptophan  delayed  gastric  emp- 
tying; they  could  not  test  cystine  adequately 
because  it  caused  vomiting  under  their  test 
conditions,  an  effect  we  did  not  encounter. 

Summary,  Solutions  of  21  different  L- 
amino  acids  were  instilled  into  the  gastric 
fistulas  of  three  dogs.  Only  4  of  the  amino 
acids  produced  an  increase  in  serum  gastrin 
significantly  greater  than  that  evoked  by  sa- 
line: cysteine,  phenylalanine,  tryptophan,  and 
hydroxyproline. 
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During  Studies  of  murine  virus  myocardi- 
opathy  (1),  we  inoculated  the  Nancy  strain  of 
coxsackievirus  B-3  into  BALB/c  mice.  Un- 
expectedly, we  observed  pericarditis  in  nor- 
mal controls.  On  the  other  hand,  we  had  not 
noted  these  changes  in  virus-free  Swiss  mice 
from  several  sources  (Albino  ICR,  Webster, 
Hauschka  and  Maraud)  or  among  C3H  mice. 
We  could  not  find  an  earlier  description  of 
pathologic  changes  in  the  heart  in  BALB/c 
mice  (2).2 

Here,  we  explore  certain  pathologic  char- 
acteristics of  BALB/c  (C)  cardiomyopathy. 
We  also  inoculated  C  mice  with  coxsackievi- 
rus B-3  and  contrast  the  resultant  cardiomy- 
opathy with  that  described  earlier  in  Albino 
Swiss  ICR  and  C3H  mice. 

Materials  and  methods.  Mice,  BALB/c 
mice  were  derived  by  Bogg  from  an  albino 
stock  in  1913.  The  strain  has  been  maintained 
continuously  by  brother  x  sister  matings.  C 
substrains  from  laboratories  of  the  Michigan 
Cancer  Foundation  (C/MCF);  Charles  River 
Laboratory  (C/CRL);  Jackson  Laboratory 
(C/JL);  and  Cumberland  Laboratory  (C/CL) 
were  also  used.  Additionally,  in  several  ex- 
periments noninbred  Albino  Swiss  ICR  and 
inbred  C3H  mice  were  employed.  Rodents 
were  fed  Purina  Mouse  Chow  and  given  wa- 
ter at  will.  Each  strain  or  substrain  in  groups 
of  six  to  ten  animals  was  kept  separately  in 
cages.  Infected  mice  were  isolated  from  un- 
inoculated  controls.  All  mice  were  examined 
at  least  every  third  day  for  signs  of  illness. 

Attempts  to  isolate  virus  from  the  hearts  of 
BALB/c  mice.  An  innate  vertically  transmit- 
ted virus  of  C  mice  is  a  possible  cause  for  this 
inherent  pericarditis.  Primary  mouse  embryo 
fibroblast  (MEF)  tissue  cultures  were  pre- 

^  Aided  by  grants  from  the  American  Heart  Associa- 
tion (73-773)  and  The  Skillman  Foundation. 

^  This  work  was  presented  in  part  at  the  68th  Annual 
Meeting  of  The  American  Society  for  Microbiology, 
l>eiivit,  Michigan,  May  5-10,  196S. 


pared  from  decapitated  and  eviscerated  14- 
to  18-day  old  Swiss  Albino  ICR  mouse  em- 
bryos. Carcasses  were  minced,  trypsinized 
and  grown  in  30  ml  plastic  flasks  at  a  concen- 
tration of  25  X  lOVml  in  Eagle's  medium 
(EM)  with  5%  fetal  calf  serum  containing  100 
/ig/ml  of  penicillin  G  and  50  /xg  of  strepto- 
mycin/ml. Maintenance  medium  for  MEF 
tissue  cultures  was  EM  with  2%  fetal  calf 
serum. 

At  several  times  from  late  term  to  6  months 
of  age,  hearts  of  C/CRL  mice  were  prepared 
for  inoculation  into  MEF  tissue  cultures  as 
20%  cell-free  supernates  in  EM  prepared  with 
mortar  and  pestle;  as  minced  tissue  explants; 
and  as  single  cell  trypsinized  suspensions 
(Kasten  Method  [3]).  In  each  case,  0.1-0.5  ml 
was  inoculated  into  two  MEF  30  ml  tissue 
culture  flasks.  After  washing  3x  in  calcium 
and  magnesium  free  Hanks  salt  solution, 
minces  and  whole  cells  were  inoculated  as 
1:10  suspensions  in  EM.  Experimental  cul- 
tures and  uninoculated  controls  were  incu- 
bated (37^),  and  observed  daily  for  cytopathic 
effects.  Between  the  7th  and  10th  days  of 
incubation  both  groups  of  cultures  showed 
rounding,  granularity  and  loss  of  cells  into 
supernatant  fluids.  Cells  were  then  scraped 
from  flasks,  suspensions  centrifuged  (300  g, 
4^,  5  min)  and  debris  resuspended  in  EM 
(1:10).  Again,  0.1  ml  of  these  suspensions 
were  inoculated  into  two  new  MEF  flasks. 
Two  similar  bUnd  passages  were  carried  out 
with  each  specimen. 

Experimental  infections.  Pregnant  moth- 
ers were  obtained  from  their  breeding  labo- 
ratories, observed  and  periodically  sacrificed. 
In  experimental  infections,  14-day-old  mice 
were  inoculated  intraperitoneally  with  0.05 
ml  of  coxsackievirus  B-3  containing 
lO^n^CDso. 

Methods  for  sacrificing;  bleeding;  autopsy; 
preparation  of  specimens  for  histologic  ex- 
amination and  isolation,  titration  and  identi- 
ficaXioti  of  coT.^^duftvinis  B-3  in  vero  or  rhe- 
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le  cultures  have  been  described  (1,4). 
us  isolations  with  infected  BALB/c 
e  separated  the  right  and  left  ventri- 
blunt  dissection.  To  remove  adhering 
;ach  ventricle  was  washed  5x  by  rins- 
ipproximately  10  vol  of  sterile  saline 
►tted  dry.  The  final  wash  was  titered 
dual  virus,  and  the  quantity  of  virus 
nyocardium  was  taken  as  the  differ- 
tween  that  in  the  specimen  and  that 
inal  wash.  At  midregions  of  right  and 
tricle  of  each  heart  three  sections  were 
sd  for  histologic  changes. 
ts.  Pericarditis.  Uninoculated  mice  re- 
well.  However,  during  routine  histo- 
udies  of  coxsackievirus  B-3  myocar- 
:veral  uninoculated  control  C/MCF 
d  mononuclear  infiltrates  in  the  right 
liar  pericardium  along  with  minimal 
ardial  myocardial  necrosis  in  subja- 
;as.  These  changes  were  exclusively 
to  the  right  heart.  In  some  of  the  mice 
as  only  pericarditis,  while  in  others, 
is  also  spotty  myocardial  necrosis  im- 
ly  beneath  the  pericardial  exudate, 
ler  to  determine  if  these  changes  were 
to  C  mice  bred  at  the  Michigan  Can- 
ndation,  we  obtained  BALB/c  mice 
ree  other  colonies,  namely,  substrains 
;  C/JL/  and  C/CL.  Subsequently,  we 
d  and  periodically  sacrificed  55 
'  mice  (from  birth  through  1-year  of 
C/CRL  and  14  C/JL  mice  (up  to  90 
I);  26  C/CL  (just  before  delivery);  and 
"L  mice  (birth  to  107  days  old).  Mice 
ree  of  the  sources  showed  an  identical 
ight  ventricular  pericarditis.  Similar 
ic  changes  occurred  in  42% 
F),  50%  (C/CRL  and  43%  (C/JL) 
n  the  other  hand,  we  found  that  hearts 
B/c  mice  up  to  45  days  old  which 
red  at  the  Cumberland  Laboratory 
•rmal  (Table  I,  A). 

rafter,  we  followed  C/MCF  mice  con- 
ly  over  two  years,  an  interval  ap- 
ng  their  normal  life  expectancy. 
Iiesc  rodents  were  17,  28,  56,  110  and 
5  old  1  of  4;  0  of  5;  5  of  5;  3  of  5;  and 
mice  had  characteristic  right  ventric- 
ricarditis  (Table  II,  A).  At  10-12 
of  age,  3  of  10  of  these  mice  had 
litis.  No  mouse  older  than  a  year 
these  changes.  Thus,  in  the  C/MCF 
a,  inherent  pericarditis  usually  ap- 


peared from  the  second  through  the  sixth 
month  of  life,  its  incidence  declining  there- 
after, and  disappeared  by  the  time  these  mice 
were  a  year  old.  We  did  not  find  acute  mono- 
nuclear pericarditis  in  the  C/CL  substrain, 
but  it  is  possible  that  pericardial  changes  may 
have  been  seen  if  we  had  extended  our  ob- 
servations beyond  1  Yz  months. 

Chronic  calcific  Jibrotic  pericardial  changes. 


TABLE 


PkRIC  ARDI I  IS  AMONCJ  SUBSTRAINS  Of 

BALB/c  Mic  K. 


No.  of  mice  with 

pericarditis  ■*- 

Age  of  mice" 

No.  of  mice  ex- 

BALB/c substrain 

(Mos.) 

amined 

A.   Mononuclear     peri- 

carditis 

C/MCF 

0-12 

23/55  (42%) 

C/CRL 

I'/i 

8/16(50%) 

C/JL 

1^. 

6/14(43%) 

C/CL 

fetal 

0/26  (0%.) 

O-V/2 

0/107(0%) 

B.    Chronic  fibrotic  cal- 

cific     pericardial 

changes 

C/MCF 

6-24 

8/42(19%) 

C/CRL 

\V2 

0/16(0%) 

C/JL 

\¥i 

0/14(0%) 

C/CL* 

8 

6/29(21%) 

•  C/CRL  and  C/JL  mice  were  studied  at  6  weeks  of 
age;  C/MCF  mice  were  examined  at  several  times 
through  24  months  (see  Table  III).  C/CL,  fetuses  were 
examined  just  before  delivery  (26  mice),  at  1  week  (22 
mice),  2  weeks  (37  mice),  4  weeks  (15  mice),  at  6  weeks 
(7  mice),  and  at  8  months  (29  mice). 

'^Sex  was  noted  only  in  the  C/CL  substrain  at  8 
months.  There  were  15  males.  Three  of  each  sex  had 
right  ventricular  fibrotic  pericardial  scars. 


TABLE  IL  Age  AT  ApptARANCEOF  Perk  ARDiAL 

Changes  in  the  C/MCF  Substrain  of  BALB/c 

Mice. 


No.  of  mice  with 
pericarditis  -»- 
Age  of  mice     No.  of  mice  ex- 
(Mos.)  amined 


A.   Mononuclear 

(17/30)0.57 

1/4 

Pericarditis 

(28/30)  0.93 

0/5 

(56/30)  1.87 

5/5 

(110/30)3.67 

3/5 

6 

11/26 

10 

2/5 

12 

1/5 

B.   Chronic     fibrotic 

6 

2/21 

calcific  pericar- 

12 

2/5 

dial  changes 

13 

4/10 

24 

0/6 
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In  continuing  observations,  we  noted  at  au- 
topsy gross  whitish  stippling  over  the  right 
ventricle  in  a  number  of  the  older  C/MCF 
mice.  On  microscopic  review  this  older  lesion 
was  in  the  exact  location  as  the  acute  mono- 
nuclear pericarditis,  and  was  fibrosis  with 
spotty  calcification  (von  Kossa*s  stain).  This 
calcifying  pericardial  scar  was  not  seen  in 
younger  mice  which  were  less  than  6  months 
old;  occurred  less  frequently  than  the  acute 
pericardial  lesions  (Table  II,  B);  and  never 
accompanied  the  earlier  mononuclear  peri- 
carditis. 

Similar  right  ventricular  calcific  fibrotic 
pericardial  changes  were  also  seen  in  older 
animals  from  the  C/CL  substrain,  and  oc- 
curred equally  in  both  sexes.  We  did  not  see 
these  fibrotic  scars  in  either  the  C/CRL  or 
C/JL  substrains,  but  our  studies  with  these 
animals  did  not  extend  beyond  45  days  (Ta- 
ble I,  B). 

Therefore,  we  found  that  BALB/c  mice  of 
each  of  four  substrains  showed  parts  of  what 
appears  to  be  an  identical  pericardial  and 
subepicardial  cardiomyopathy  specifically  lo- 
calizing to  the  right  heart.  It  begins  as  a  fine 
mononuclear  pericarditis,  progresses  to  a 
denser  infiltrate,  and  completes  its  evolution 
with  mixed  calcification  and  fibrosis. 

Attempts  to  isolate  indigenous  viruses  from 
the  hearts  of  BALB/c  mice.  Hearts  from  the 
four  brood  mothers  several  days  before  term 
and  from  five  C/CRL  mice  at  each  of  several 
ages  from  2-24  weeks  were  prepared  as  cell 
free  supemates,  tissue  minces,  or  washed- 
trypsinized  cells.  In  this  experiment  39  mice 
were  sacrificed.  Each  preparation  was  inoc- 
ulated or  cocultivated  onto  two  MEF  tissue 
culture  flasks  and  cultures  were  observed 
daily  for  cytopathic  changes.  Degenerating 
cultures  and  uninoculated  controls  were 
blindly-passaged  twice.  No  viruses  were  re- 
covered. 

Coxsackievirus  B'3  infection  in  BALB/c 
mice.  When  Nancy  strain  of  coxsackievirus 
B-3  was  inoculated  intraperitoneally  into 
each  of  four  substrains  of  C  mice  available  to 
us,  subclinical  infection  resulted.  The  kinetics 
of  coxsackievirus  in  blood  and  heart  was 
studied  in  C/MCF  mice.  There  was  viremia 
on  day  1,  but  not  on  day  3.  Virus  was  present 
in  the  heart  on  days  1  and  4,  but  was  absent 
in  most  hearts  by  the  6th  day  (Fig.  1).  In 


order  to  compare  the  capacity  of  the 
and  left  ventricles  to  support  coxsackie 
B-3  replication,  9  additional  C/CRL 
were  inoculated  and  4  days  later  were  i 
ficed.  Mean  virus  titers  in  the  right  an( 
ventricles  are  similar  (Fig.  2). 

On  histologic  section  of  hearts 
BALB/c  weanling  mice  14  days  after  i 
tion  with  coxsackievirus  B-3,  there  was  a 
calcific  fibrotic  pericardial  scar  which  i 
was  limited  to  the  right  ventricle  (Fig.  3 
This  pericardial  scar  in  young  mice  reo 
ing  from  coxsackievirus  B-3  myocai 
could  not  be  distinguished  from  the  iiih< 
chronic  lesions  of  uninoculated  older  C  i 


CoKSOckievirus  B-3  Myocarditis  in 
Weanling  C/MCF  Mice 
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;ome  infected  weanlings  had  iso- 
or  a  more  diffuse  calcification  in 
nd  right  ventricular  myocardium 

to  find  the  relative  frequency  of 
and  myocardial  lesions  in  infected 
lice,  we  inoculated  43  C/MCF,  19 

C/JL  and  13  C/CL  14-day-old 
vith  Nancy  virus.  All  mice  were 
1  weeks  later.  We  found  right  ven- 
ricardial  scars  in  each  substrain, 
predominant  among  C/MCF  and 
ice.  Myocardial  calcification  was 
MCF,  diffuse  in  C/CL,  and  mixed 
rs  (Table  III). 

ce  of  Right  Ventricular  Pericardial 
I  Coxsackievirus  8-3  Infected 
^ice  and  in  Their  Controls.  To  de- 


termine if  the  right  ventricular  calcific  peri- 
cardial scars  in  coxsackievirus  B-3  infected 
BALB/c  mice  occur  more  frequently  in  in- 
fected C  mice  than  do  similar  calcified  or 
noncalcified  lesions  in  uninoculated  controls, 
29  C/MCF  infected  mice  and  the  same  num- 
ber of  age-matched  uninoculated  controls 
were  sacrificed  at  intervals  after  birth  from  3 
to  296  days.  (Calcification,  of  course,  does 
not  occur  in  the  uninoculated  C  mice  until 
they  are  at  least  6  months  old.)  After  section- 
ing and  staining  with  hematoxylin  and  eosin, 
hearts  were  examined  histologically.  From  14 
days  onward  each  right  ventricular  pericar- 
dial lesion  in  infected  mice  contained  deposits 
of  calcium,  but  uninfected  controls  showed 
inflammatory  exudates  without  mineraliza- 
tion through  the  179th  day  of  this  experiment 


Figure  3 
id  4.  Pathologic  findings  in  weanling  4  week-old  C/MCF  mice  14  days  after  infection  with  the  Nancy 
tackievinis  B-3  are  shown.  Sections  are  stained  with  hematoxylin  and  eosin  (X  415).  Fig.  3.  A  right 
ddfic  fibrosing  pericardial  scar  is  seen.  Fig.  4.  Focal  myocardial  calcification  is  shown.  The  arrow 
ildum  deposit. 
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(Table  IV).  On  the  296lh  day,  two  of  five 
noninoculated  mice  also  contained  inflam- 
matory noncalcified  pericardial  lesions.  In 
both  groups,  pericarditis  affected  only  the 
right  heart. 

In  infected  mice  the  cumulative  prevalence 
of  right  ventricular  calcific  pericarditis  was 
35%  (10  of  29  mice).  Inflammatory  noncal- 
cific  pericarditis  at  the  same  sites  were  seen 
in  48%  (14  of  29  mice)  in  the  age-matched 
controls  (Table  IV).  Since  the  incidence  of 
pericarditis  is  not  increased  in  infected  C 
mice,  it  is  possible  but  not  certain  that  peri- 
carditis in  the  infected  mice  occurred  only  in 
those  animals  with  a  predilection  for  the  later 
development  of  the  inherent  right  ventricular 
cardiomyopathy.  When  coxsackievirus  B-3 
infection  supervenes,  however,  it  is  apparent 
that  the  appearance  of  calcific  pericarditis  is 
markedly  hastened. 

Discussion,  BALB/c  mice  have  been  used 


extensively  in  biological  research  for  over  6C 
years,  but  we  could  find  no  previous  repon 
of  the  spontaneous  continuing  right  hean 
cardiomyopathy  described  here  in  C  mice 
obtained  from  four  separate  breeding  colo- 
nies (2).  The  etiology  of  the  BALB/c  lesions 
which  we  have  not  seen  in  Swiss  mice  from 
several  sources,  or  in  inbred  C3H  mice  re- 
mains unknown.  We  have  been  unable  to 
recover  a  vertically  transmitted  virus  (5). 

In  about  a  third  of  several  hundred 
BALB/c  mice  which  we  have  examined  and 
some  time  after  the  second  month  of  life  a 
mononuclear  infiltrate  appears  in  the  pericar- 
dium of  the  right  ventricle.  This  may  be 
associated  with  minimal  subjacent  myocar- 
dial necrosis  without  leukocytic  infiltration. 
Beginning  after  6  months  of  age,  these  C  mice 
have  only  a  partially  calcified  pericardial  scar 
remaining.  Early  and  late  lesions  are  strik- 
ingly limited  to  the  pericardium  of  the  right 


Figure  4 
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no  calcification  is  seen  before 
'  of  life. 

LIS  pericarditis  and  myocarditis 
tion  has  been  reported  in  DBA 
and,  occasionally,  in  Swiss  mice 
iial  calciflcation  (without  peri- 
vement)  has  been  induced  in 
:s  of  rodents  including  BALB/c 
5,  hydrocortisone  or  low  protein 
f^one  of  these  changes  resemble 
ed  here. 

irus  B-3  myocarditis  in  Swiss  or 
>nspicuously  spares  the  pericar- 
).  Nevertheless,  when  BALB/c 
)m  four  distinct  breeding  colo- 
ilated  with  the  Nancy  strain  of 
s  B-3,  pericardial  changes  local- 
jht  ventricle,  as  well  as  myocar- 

Coxsackievirus  B-3  (Nancy) 
equally  high  titers  in  both  the 
t  ventricles,  but  pericarditis  oc- 
he  right  heart.  After  one  month 
s  B-3  recovered  C  mice  have 
tic  pericardial  scars  which  are 
bose  which  can  only  be  seen  in 
[6  months  or  more)  uninfected 


ill.  Pathologic  Changes  of 
iRUS  B-3  Myocarditis  in  Several 
STRAINS  OF  BALB/c  Mice. 


Histologic  findings 


ricardium 


Myocardium 


M3«  (67%)     1 5/43  (35%)  focal 

19  (47%)  5/19  (26%)  focal  and  dif- 
fuse 

$  (40%)  5/5  (100%)  focal  and  dif- 

fuse 

13(23%)         11/13  (85%)  diffuse 


mice  with  designated  fmding  - 
d. 


number 


siblings.  The  prevalence  of  pericarditis  is  not 
increased  in  infected  BALB/c  mice,  and  it 
may  be  that  pericarditis  develops  only  in 
BALB/c  mice  with  a  predilection  for  the 
cardiomyopathy.  Coxsackievirus  B-3  infec- 
tion, however,  remarkably  accelerates  the 
"'natural"  cardiomyopathy.  The  right  heart, 
thus,  is  already  '"injured"  when  coxsackievi- 
rus B-3  infection  ensues.  That  injured  tissues 
harboring  inflammatory  exudates  are  more 
susceptible  to  virus  infection  has  been  noted 
before,  but  the  mechanism  remains  unex- 
plained (14).  One  may  speculate  that  leuko- 
tactic  components  of  complement  such  as  CS 
are  present  at  areas  of  genetically  determined 
injury  in  the  right  ventricular  pericardium. 
Coxsackievirus  B-3,  complexed  with  anti- 
body might  be  attracted  to  complement  in  the 
right  heart,  augmenting  and  accelerating  in- 
flammation and,  ultimately,  calciflcation 
(15).* 

Summary,  We  describe  progressive  cardio- 
myopathy affecting  three,  and  probably  all 
four  substrains  of  BALB/c  (C)  mice  exam- 
ined. Cardiac  changes  are  limited  to  the  per- 
icardium and  immediately  subjacent  epicar- 
dium  of  the  right  ventricle.  By  2  months  of 
age,  mice  have  mononuclear  inflltrates  which 
progress  to  a  dense  exudative  pericarditis. 
Whitish  flecks  on  the  pericardial  surface  can 
be  seen  at  6  months,  and  a  calcifying  scar 
persists. 

When  lO^^CDso  of  coxsackievirus  B-3 
(Nancy)  is  inoculated  intraperitoneally  into 
weanling  Swiss  or  C3H  mice,  myocarditis 
without  pericarditis  results.  If  the  infected 
mice  are  BALB/c,  myocarditis  and  right  ven- 

*  While  this  manuscript  was  being  reviewed  for  pub- 
lication, some  of  the  original  observations  reported  in 
abstract  in  1968  were  reported  (16). 


Prevalence  of  Pericardial  Lesions  in  Coxsackievirus  B-3  Infected  C/MCF  Mice  and 
Their  Age-Matched  Controls. 


Coxsackievirus  B-3  calcific  pericarditis 


Inherent  noncalcified  inflammatory  pericar- 
ditis 


No.  with  disease  + 

Cumulative  preva- 
lence (%) 

No.  with  disease  + 

Cumulative  preva- 
lence (%) 

No.  examined 

No.  examined 

Oof  4  mice 

0/4  (0%) 

1  of  4  mice 

1/4  (25%) 

1  of  5  mice 

1/9(11%) 

0  of  5  mice 

1/9(11%) 

3  of  5  mice 

4/14(29%) 

5  of  5  mice 

6/14(43%) 

0  of  5  mice 

4/19(21%) 

3  of  5  mice 

9/19(47%) 

1  of  5  mice 

5/24(21%) 

3  of  5  mice 

12/24(50%) 

5  of  S  mice 

10/29  (35%) 

2  of  5  mice 

14/29 (48%) 
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tricular  pericarditis  ensues.  A  calcified  Ti- 
brotic  scar  over  the  right  ventricle  identical 
to  the  end-stage  of  the  inherent  lesion  appears 
in  coxsackievirus  B3  infected  mice  at  about 
one  month  of  age. 

Coxsackievirus  B-3  multiplies  equally  well 
in  the  right  and  left  ventricles  of  C  mice,  but 
pericarditis  is  limited  to  the  right  heart.  In 
age-matched  controls,  the  prevalence  of  cal- 
cific right  ventricular  pericarditis  in  BALB/c 
mice  inoculated  with  coxsackievirus  B-3  is 
the  same  as  that  of  the  inherent  cardiomy- 
opathy, and  it  is  possible  that  the  early  calcific 
lesion  in  infected  mice  occurs  in  animals  who 
later  would  have  developed  a  right  ventricu- 
lar pericardial  cardiomyopathy. 

Wc  thank  Mrs.  Mary  Jane  Shippey  and  Mr.  Fred 
Smith  for  their  help  in  these  experiments. 
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pression  of  plaque  former  cell  (PFC) 
se  to  sheep  red  blood  cells  (SRBC) 
ing  Rauscher  leukemia  virus  (RLV)  or 
leukemia  virus  (FLV)  infection  has 
well  documented  in  several  mouse 
sensitive  to  these  viruses  (1-3).  Like- 
transient  suppression  of  PFC  response 
een  reported  for  the  virus-resistant 
/6  mouse  during  the  first  week  after 
[ifection  (4).  Ceglowski  and  Friedman 
mpared  PFC  immunosuppression  by 
a  several  strains  8  days  after  infection 
sported  that  the  degree  of  immuno- 
ssion  roughly  paralleled  that  of  virus 
tibility,  with  the  only  hybrid  tested  (the 
-1  of  the  C57B1/6  and  the  DBA)  show- 
en  more  immunosuppression  than  its 
/e  DBA  parent.  However,  in  that  study 
ttost  of  the  previous  studies  the  prime 
n  was  with  the  immune  response  of 
known  to  be  sensitive  to  the  virus, 
r,  many  of  these  studies  have  been 
I  in  their  observation  periods  to  the 
short  duration  after  infection  in  which 
nation  of  immunosuppression  is  usu- 
tained.  On  the  other  hand,  recent  data 
east  one  study  (4)  suggest  that  stimu- 
of  PFC  response  by  leukemia  virus 
also  be  demonstrable  in  resistant 
if  the  observation  period  is  sufficiently 
n  the  present  study  we  have  compared 
el  of  PFC  response  as  affected  by  RLV 
sensitive  SJL/J  mouse,  the  resistant 
/lO  mouse  and  their  resistant  hybrid- 
xC57Bl/10)Fi.  Evidence  for  stimu- 
of  PFC  response  in  the  resistant  mice 
n  the  second  and  fourth  week  after 


se  studies  were  supported  in  part  by  NlH-NCl 
o.  1-PO2-CA10438,  U.S.  Energy  Research  and 
ment  Administration  Contract  No.  E(l  l-l)-3097 
5F  Grant  No.  T-25. 
aal  Fellow,  Leukemia  Society  of  America. 


infection  was  obtained,  with  the  immune  re- 
sponse of  the  hybrid  showing  even  greater 
enhancement  than  that  of  its  resistant  parent. 

Materials  and  methods.  Mice,  The  SJL/ 
J  and  CS7B1/10  mice  were  females  obtained 
from  Jackson  Laboratories  (Bar  Harbor,  ME) 
at  the  age  of  6-8  weeks  and  quarantined 
before  use.  The  Fi  hybrids  were  females  bred 
in  our  own  facilities  from  parents  obtained 
from  Jackson  Laboratories.  All  mice  were 
maintained  five  per  cage  in  sterilized  filter- 
top  cages  and  allowed  autoclaved  food  and 
water  ad  libitum. 

Vims.  The  NB-tropic  strain  of  Rauscher 
leukemia  virus  used  was  obtained  from  NIH 
in  1968  and  has  been  maintained  in  our 
laboratories  in  the  SJL/J  mouse.  Assay  for 
the  virus  activity  was  done  by  a  variation  of 
the  spleen  enlargement  dose  (SED)  technique 
of  Chirigos  et  al  (6),  as  previously  employed 
by  us  (7-9).  Virus  was  prepared  from  a  cell 
free  plasma  filtrate,  buffered  with  sodium 
citrate  and  kept  at  -72°  until  use.  0.1  ml  of 
saline  diluted  virus  suspension  containing  50 
SED50/14  units  of  RLV  was  injected  ip  into 
the  mice  at  approximately  12  weeks  of  age. 
Control  mice  were  sham  injected  with  a  sim- 
ilarly prepared  material  not  containing  virus. 

PFC  Response.  A  modification  of  the  Ken- 
nedy-Axelrad  technique  (10)  was  used  to 
evaluate  PFC  response.  This  technique  has 
been  shown  to  yield  a  greater  number  of 
plaques  per  unit  of  cells  than  the  Jeme  and 
Nordin  technique  (1 1).  At  the  times  indicated 
in  the  results,  either  before  or  after  RLV 
administration,  washed  SRBC  were  injected 
into  the  virus  infected  mice  and  into  paired 
age-matched  control  mice  of  the  same  strain. 
Five  days  later  the  mice  were  sacrificed,  their 
spleens  removed,  weighed,  gently  mashed, 
and  single  cell  suspensions  prepared  in  PBS. 
Total  nucleated  cell  number  per  spleen  was 
determined  and  then  the  concentration  of  the 
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suspension  was  adjusted  to  2.5  x  10^  cells  per 
ml.  Two  milliliter  of  this,  mixed  with  guinea- 
pig  complement,  was  then  carefully  layered 
over  a  monolayer  of  SRBC  afixed  to  a  grided 
plastic  Petri  dish  with  poly-1-lysine.  After  a 
45-min  incubation  at  37^,  the  supemate  was 
carefully  decanted  off  and  the  plates  gently 
rinsed  in  PBS.  The  plaques  per  plate  were 
counted  on  the  damp  plates  and  the  number 
of  PFC  per  spleen  calculated.  The  plaque 
forming  ability  of  the  virus  injected  mice  was 
compared  directly  with  that  for  the  normal 
control  mice  of  the  same  strain  run  in  parallel 
on  each  of  the  experimental  days,  and  the 
results  are  reported  in  terms  of  percent  of  the 
control  animal  plaque  forming  ability. 

Statistics.  For  each  data  point  given  a  min- 
imum of  four  virus  infected  animals  was  run 
against  the  controls.  Most  points  were  re- 
peated two  or  more  times  and  the  data  aver- 
aged in  the  production  of  the  figures.  Mean 
values  and  standard  errors  were  calculated 
using  the  Student's  t  test  as  described  by 
Dixon  and  Massey  (12).  The  error  limits  as 
given  in  the  text  and  figures  are  ±  1  SE. 

Results,  The  mean  level  of  PFC  per  spleen 
in  the  normal  SJL/J,  C57BL/10  and  Fi- 
hybrid  mice  varied  according  to  the  strain, 
being  204,600  ±  9000,  293,000  ±  15,700  and 
431,000  ±  24,500  respectively,  which  differ 
significantly  from  each  other  at  an  a  level  of 
better  than  0.05.  At  the  same  time  there  were 
no  significant  differences  in  the  spleen  size  of 
these  normal  mice,  indicating  that  the  ob- 
served variation  in  PFC  numbers  reflected  a 
true  difference  in  the  relative  proportion  of 
plaque  formers  per  spleen  between  these 
strains. 

Figure  1  gives  the  data  for  PFC  response 
of  the  virus  injected  animals,  normalized  to 
their  respective  control  values  for  each  strain 
and  day,  and  presented  for  comparison  pur- 
poses in  percent  of  the  respective  controls. 
The  RLV  sensitive  SJL/J  mouse  showed  a 
brief  elevation  in  response  when  the  virus 
was  injected  1  day  before  or  immediately 
before  SRBC  administration.  This  was  fol- 
lowed by  a  depression  in  response,  reaching 
minimum  levels  at  the  21st  day.  The 
C57B1/10  showed  contrasting  behavior,  with 
only  a  slight  depression  in  PFC  response  at 
day  2,  wtuch  was  much  less  than  that  previ- 
ously reported  for  FLV  infected  C57B1/6  (4). 


Fig.  1.  Change  in  splenic  PFC  response  as  a  functioo 
of  time  after  RLV  infection.  Data  is  normalized  to  the 
control  values  for  each  strain  taken  as  100%.  Error  ban 
indicate  ±  1  SE  of  the  mean.  Half  error  l>ars  are  shown 
where  they  would  otherwise  overlap. 

Following  this  there  was  a  recovery  and  ov- 
ershoot which  first  became  significant  at  the 
a  »  0.05  level  at  day  12.  The  most  striking 
difference  seen  was  that  in  the  hybrid,  which 
showed  a  PFC  response  as  affected  by  RLV 
that  was  unlike  either  of  its  parental  strains. 
First  there  was  a  significant  immunosuppres- 
sion, evident  at  day  1  after  virus  infection. 
This  was  followed  by  a  rapid  recovery  in 
PFC,  peaking  at  a  level  twice  the  normal  by 
day  8,  with  a  subsequent  drop-off  but  a  sus- 
tained immunostimulation  throughout  the  re- 
mainder of  the  observation  period. 

Figure  2  illustrates  that  the  observed  levels 
of  PFC  response  were  not  a  direct  function 
of  spleen  size  following  RLV  infection.  The 
C57B1/10  showed  no  significant  change  in 
spleen  size  throughout  the  duration  of  the 
study.  The  hybrid  did  show  a  transient  three- 
fold increase,  but  returned  to  normal  by  the 
termination  of  the  study.  Further,  the  peaks 
of  splenomegaly  for  the  hybrid  did  not  coin- 
cide with  the  peaks  of  PFC  activity.  However, 
it  would  be  correct  to  say  that  some  of  the 
increases  in  PFC  response  were  due  to  the 
overall  elevated  number  of  spleen  cells  in  the 
infected  hybrid.  By  contrast,  although  the 
SJL/J  developed  the  greatest  splenom^aly, 
this  strain  showed  virtually  complete  sup- 
pression of  total  splenic  PFC  response. 

Discussion,  While  several  authors  have  pI^ 
viously  shown  that  murine  leukemia  viiuses 
are    immunosuppressive    in    virus-sensitive 
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Variation  in  spleen  weight  as  a  function  of 
RLV  infection.  Error  bars  indicate  ±  1  SE  of 
Where  no  error  bars  are  given  the  SE  was  less 
ze  of  the  data  symbols. 

-3,  5,  13,  14),  evidence  for  a  possible 
ory  effect  had  been  limited  to  the 
S  strain  (4,  5),  and  only  suggestive  at 
le  data  of  this  paper  gives  positive 
i  that  enhancement  of  the  humoral 
f  plaque  forming  cell  response  can  be 
irated  following  leukemia  virus  infec- 
e  significance  of  this  lies  in  the  fact 
loral  antibody  formation  is  known  to 
ole  in  the  induction  of  immunity  to 
a  virus  in  otherwise  sensitive  mice 
g  the  injection  of  killed  virus  and 
a  cells  (15-17).  For  other  strains,  in- 
the  group  to  which  the  CS7B1/10 

it  has  also  been  established  by  in 
dies  that  one  control  of  resistance  to 
i  oncoma  virus  rests  directly  at  the 

the  target  cell,  unmediated  by  im- 
»ponse  (18-20).  In  that  regard  the 

PFC  response  of  the  hybrid  is  of 
IT  interest,  in  that  the  Fi  possesses 
or  both  sensitivity  and  resistance  to 
s.  The  much  greater  stimulation  of 
brmers  suggests  that  the  influence  of 
s  is  more  pronounced  in  the  hybrid 
its  resistant  parent,  perhaps  strongly 
Lg  an  immune  response  to  the  leuke- 
igens.  The  elevated  spleen  weights 
licate  an  eflfect  of  the  virus  in  the 
resulting  in  some  cellular  prolifera- 
t  not  to  the  extent  observed  during 
(genesis  in  the  SJL/J  mouse,  and 
reversible.  This  suggests  that  some 
oicogenic  activity  may  have  occurred 


which  the  animal  was  able  to  successfully 
overcome.  Full  leukemogenesis  did  not  result, 
however,  as  peripheral  white  counts  done  at 
the  terminal  point  of  the  study  showed  only 
a  slight  elevation,  and  none  of  the  animals 
died  of  Rauscher  disease.  In  contrast  to  the 
B6D2Fi  hybrid  of  the  DBA  and  C57B1/6, 
which  shows  immunosuppression  and  suc- 
cumbs to  leukemia  virus  (5),  we  have  found 
this  hybrid  survives  RLV  infection  (21). 

Because  Rauscher  virus  is  NB-tropic  (22), 
the  Fv-2  locus  would  be  expected  to  play  the 
primary  role  in  the  genetic  determination  of 
resistance  to  the  virus.  This  gene  governs 
spleen  focus  formation  and  splenomegaly, 
with  the  sensitivity  allele,  Fv-2",  being  domi- 
nant over  Fv-2'.  The  C57B1/10  is  Fv-2'  (18), 
while  the  SJL/J  is  felt  to  be  Fv-2",  similar  to 
other  Swiss- Webster  derived  mice  (18,  23). 
Therefore,  like  the  B6SD2Fi,  one  would  ex- 
pect this  Fi  hybrid  to  be  almost  as  sensitive 
to  Rauscher  virus  as  its  SJL/J  parent.  Since 
it  is  not,  it  would  seem  Ukely  that  other  genes 
in  this  cross  may  be  masking  the  effect  of  the 
Fv-2  locus.  In  the  related  Friend  virus  system, 
Chesebro  and  Wehrly  (24)  have  reported 
that  hybrids  of  CS7B1/10  with  either 
BALB.B.  or  A.BY,  which  are  also  Fv-2'/», 
likewise  show  a  high  incidence  of  recovery 
from  splenomegaly  and  leukemia.  From  their 
results  they  postulated  that  this  may  be  due 
to  other  non-H-2  genes  associated  with  the 
H-2'*  configuration,  but  not  found  in  11-2** 
mice.  Whether  any  of  these  other  susceptibil- 
ity genes  are  also  present  in  the  SJL/J  mouse, 
which  is  H-2*,  is  as  yet  unknown.  However, 
if  they  were  it  might  account  for  the  observed 
resistance  of  the  hybrid  used  in  this  present 
study  to  Rauscher  leukemia  and  its  recovery 
from  splenomegaly.  Additional  work  remains 
to  be  done  to  establish  this  point,  as  well  as 
the  specific  response  of  this  hybrid  to  the 
spleen  focus  forming  virus  component  of  the 
Rauscher  complex  (25).  In  so  doing,  this  hy- 
brid may  prove  to  be  a  useful  model,  analo- 
gous to  that  of  Chesebro  and  Wehrly  (24),  for 
the  study  of  genetic  factors  governing  RLV 
sensitivity  and  the  development  of  immune 
response  to  viral  leukemia  antigens. 

Summary,  The  eflfect  of  Rauscher  leukemia 
virus  injection  on  the  splenic  PFC  response 
to  SRBC  was  measured  in  a  mouse  strain 
sensitive  to  the  virus  (SJL/J),  one  resistant  to 
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the  virus  (C57BI/I0),  and  their  Fi  hybrid 
(SJL/JxC57BI/I0)Fi.  In  contrast  to  previous 
findings  of  a  suppressive  efiect  of  Friend 
vims  on  PFC  response  in  another  hybrid  of 
different  resistant  and  sensitive  strains,  a  sig- 
nificant immunostimulation  was  seen.  Im- 
munostimulation  was  also  seen  in  the  resist- 
ant parent  when  the  PFC  response  level  was 
measured  12  days  or  later  after  RLV  infec- 
tion, while  the  PFC  response  of  the  sensitive 
parent  was  nearly  completely  suppressed. 
Evaluation  of  the  efiect  of  RLV  on  the  splenic 
masses  of  the  three  strains  indicated  a  mild 
transient  splenomegaly  in  the  hybrid;  a  pro- 
nounced splenomegaly  in  the  sensitive  par- 
ent; and  no  efiect  on  the  resistant  strain. 
Comparison  of  the  data  suggests  that  the 
change  in  splenic  PFC  number  in  the  hybrid 
following  RLV  infection  occurs  as  a  function 
partially  independent  of  changes  in  the  total 
splenic  mass. 
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)revious  study  of  the  renal  vascular 
meglumine  diatrizoate  (1),  we  noted 
:n  this  substance  was  given  into  the 
ery  of  the  dog  a  reversible  depression 
renal  extraction  of  para-aminohip- 
'Epah)  occurred.  Neither  isosmotic 
or  equiosmolar  (4.5%)  NaCl  altered 
bereas  both  meglumine  diatrizoate 
h  NaCl  caused  a  reversible  decrease 
vascular  resistance.  The  depressive 
meglumine  diatrizoate  on  Epah  was 
d  to  an  effect  of  the  organic  iodinated 
I  on  cellular  transport  of  PAH  rather 
ts  osmotic  properties, 
neglumine  diatrizoate  was  given  as 
ifin-76  (E.  R.  Squibb  and  Sons,  Prin- 
U)  which  is  66%  meglumine  diatri- 
id  10%  sodium  diatrizoate.  Ziegler 
leagues  (2)  reported  that  isosmotic 
lent  of  serosal  sodium  chloride  with 
diatrizoate  depressed  short-circuit 
and  net  isotopic  sodium  flux  in  the 
toad  urinary  bladder.  Although  basal 
cuit  current  was  depressed,  the  vas- 
-stimulated  increment  in  short-circuit 
was  not  affected.  Separate  experi- 
Mrith  hyperosmolar  solutions  (786 
demonstrated  equivalent  suppression 
circuit  current  by  sodium  diatrizoate 
other  solutions  made  hyperosmolar 
cose  or  sodium  methylsulfate,  imply- 
ineral  or  nonspecific  effect  of  hype- 
rity. 

the  diatrizoate  ion  appears  to  depress 
iium  transport  and  PAH  transport, 
gests  that  PAH  transport  and  sodium 
t  might  be  linked  in  some  fashion, 
icentrations  of  sodium  in  the  external 
medium  have  been  shown  to  depress 
ke  of  PAH  by  rabbit  kidney  slices  (3) 

ludy  was  supported  by  Public  Health  Service 
AM  15843  and  Program  Project  HL  14388, 
n  the  Iowa  Heart  Association  and  Veterans 
ition  Research  Grant  NO.  MRIS  1836.07. 


and  depress  net  PAH  transport  from  bath  to 
lumen  in  isolated  perfused  snake  renal  tu- 
bules (4). 

Diatrizoate  is  an  anionic  single  tri-iodi- 
nated  ring  compound.  Metrizamide  is  a  re- 
cently developed  water-soluble  nonionic  sin- 
gle tri-iodinated  ring  compound  (S).  Ziegler 
and  Olsen  (6)  recently  reported  that  metri- 
zamide did  not  depress  basal  short-circuit 
current  in  the  isolated  toad  urinary  bladder. 
These  observations  were  interpreted  to  mean 
that  anions  (e.g.  diatrizoate)  may  regulate 
sodium  transport,  possibly  by  regulating  es- 
cape of  transported  sodium  from  the  basolat- 
eral  side  of  the  epithelial  cells. 

The  objective  of  these  studies  was  to  assess 
the  effect  of  metrizamide  on  PAH  transport 
in  the  intact  dog  kidney. 

Materials  and  methods.  All  studies  were 
performed  on  female  mongrel  dogs  1S-2S  kg 
in  weight,  fed  a  standard  kennel  ration.  On 
the  day  prior  to  study  all  dogs  were  deprived 
of  food  but  water  was  permitted  ad  libitum. 
On  the  day  of  the  study  the  animal  was 
anesthetized  with  intravenous  sodium  pento- 
barbitol  30  mg/kg  and  supplemental  doses 
were  added  throughout  the  experiment  to 
maintain  anesthesia.  The  animal  was  intu- 
bated with  an  endotracheal  tube  and  me- 
chanically ventilated  to  maintain  arterial  pH 
between  7.35  and  7.45.  Catheters  were  in- 
serted into  a  femoral  artery,  the  inferior  vena 
cava  via  a  femoral  vein,  and  jugular  vein  to 
permit  blood  sampling,  pressure  measure- 
ment, and  infusion  of  fluids.  A  retention  cath- 
eter was  placed  in  the  urinary  bladder.  The 
left  kidney  was  exposed  via  a  subcostal  inci- 
sion and  the  renal  artery  dissected  free,  taking 
care  to  leave  the  renal  nerves  intact.  An  ex- 
ternal electromagnetic  flow  probe  was  placed 
on  the  left  renal  artery  and  led  to  an  electro- 
magnetic flow  meter  (Carolina).  This  system 
was  calibrated  in  vivo  at  the  end  of  each 
experiment.  A  catheter  was  placed  in  the  left 
renal  vein  via  the  left  ovarian  vein.  A  25- 
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gauge  curved  needle  attached  to  polyethylene 
tubing  and  connected  to  a  Harvard  infusion 
pump  was  placed  in  the  left  renal  artery 
against  the  direction  of  flow.  At  the  conclu- 
sion of  surgery  a  priming  dose  of  PAH  was 
given  followed  by  a  constant  infusion  of  PAH 
in  0.9%  NaCl  at  1.0  ml/min  to  maintain  a 
plasma  concentration  of  0.02  mg/ml.  Follow- 
ing surgery  a  minimum  of  60  min  was  allowed 
for  equ^bration  and  stabilization  of  solutions 
before  begiiming  the  experiment. 

The  Control  Period  (C)  consisted  of  20  min 
during  which  duplicate  simultaneous  samples 
of  femoral  arterial  and  left  renal  venous  blood 
were  obtained  while  0.9%  NaCl  was  being 
infiised  into  the  left  renal  artery  at  3.82 
ml/min.  Then  the  left  renal  arterial  inftision 
was  changed  to  an  experimental  test  infusion 
(Table  I)  at  the  same  rate  and  following  IS 
min  equiUbration,  the  Experimental  Period 
(E)  was  begun  with  sampling  as  noted  above. 
Then  the  left  renal  arterial  inftision  was 
changed  back  to  0.9%  NaCl  at  the  same  rate 
and  following  IS  min  equiUbration,  the  Re- 
covery Period  (R)  was  begun  with  sampling 
as  noted  above. 

Mean  arterial  pressure  (MAP)  was  mea- 
sured with  a  pressure  transducer  and  re- 
corded with  the  electromagnetic  flow  meter 
output  as  renal  blood  flow  (RBF)  on  a  direct 
writing  recorder  (Beckman  Dynograph). 
Renal  vascular  resistance  (RVR)  was  calcu- 
lated as  MAP/RBF  in  mmHg/  ml/min. 
Plasma  samples  were  analyzed  for  PAH  by 
the  method  of  Smith  ei  al.  (7).  Epah  was 
calculated  as  Apah-RVpah/Apah  where  Apah 
and  RVpAH  are  the  arterial  and  renal  venous 
plasma  concentrations  of  PAH,  respectively. 

The  data  in  the  text,  tables  and  flgures  are 
expressed  as  the  mean  ±  SE.  The  Student's  / 
test  was  used  for  statistical  analysis  of  paired 
data  within  each  group  (8). 

Results.  The  results  are  illustrated  in  Figs. 
1-4.  Mean  arterial  pressure  was  not  affected 
by  left  renal  arterial  experimental  test  infti- 
sion. Figure  1  shows  that,  in  contrast  to  isos- 
motic  saline,  hyperosmotic  solutions,  either 
saline  or  diatrizoate  salts,  produce  a  reversible 
renal  vasodilaUtion  (all  P  <  0.01).  Control 
RVR  was  between  0.703  and  0.782 
mmHg/ml/min  for  the  four  groups.  Figure  2 
shows  that  both  hyperosmotic  diatrizoate 
salts  produced  a  reversible  decrease  in  Epah 
(both  P  <  0.01)  whereas  neither  isosmotic  nor 


TABLE  I.  Experimental  Test  Infusions. 


Osmc 

Solution 

N- 

7 

Iodine, 
mg/ml^ 

370 

It) 
mOs 
kgH 

Reiiografin76 
66%    meglumine    diatri- 

150 

zoAte 

10%  sodium  diitrizonte 

Hypaque60 

6 

282 

135 

zoAte 

Hypaque  13.4 

6 

63 

29^ 

zoate 

Metrizamide  34.8 

6 

168 

2^ 

34.S%  metrizamide 

4.5%  Naa 

8 

0 

m 

0.9%  NaCl 

7 

0 

30 

'  Number  of  animals  studied. 

^  Manufacturer's  data. 

''  Measured  by  freezing-point  depression. 


c  e:  « 

Fig.  1.  Effect  on  renovascular  resistance  (RVR 
renal  arterial  infusion  of  hyperosmotic  solutions,  i 
control  period*  E  «  experimental  period,  R  «  reocr 
period. 


Z  E  R 

Fig.  2.  Effect  on  renal  extraction  of  para-aminol 
purate  (Efah)  of  renal  arterial  infusion  of  hyperosm 
solutions. 


hyperosmotic  NaCl  affected  Epah.  <3on 
EpAH  was  between  0.713  and  0.795  for 
four  groups. 

Figure  3  shows  that  isosmotic  solution 
either  NaCl,  anionic  (Hypaque)  or  nonii 
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FiG.  3.  Effect  on  RVR  of  renal  arterial  infusion  of 
isosmotic  solutions. 


«Coniiei    «  ' 


FiG.  4.  Effect  on  Epah  of  renal  arterial  infusion  of 
isosmotic  solutions. 

(Metrizamide)  contrast  media  did  not  affect 
RVR.  Control  RVR  was  between  0.703  and 
0.787  mmHg/ml/min  for  the  three  groups. 
Figure  4  shows  that  both  isosmotic  contrast 
media  produced  a  reversible  decrease  in  Epah 
(both  P  <  0.05).  Control  Epah  was  between 
0.751  and  0.795  for  the  three  groups. 

Discussion.  These  studies  demonstrate  that 
hyperosmotic  solutions  infused  into  the  renal 
artery  produce  renal  vasodilation  but  that  the 
depressive  effect  of  iodinated  contrast  media 
on  Epah  is  not  related  to  their  osmotic  prop- 
erties. 

Since  the  circulating  levels  of  PAH  were 
about  2  mg%,  the  possibility  that  the  depres- 
sion of  EpAH  was  due  to  exceeding  the  maxi- 
mal tubular  capacity  iox  PAH  transport  may 
be  excluded.  The  possibility  that  the  contrast 
medium  competed  with  PAH  for  tubular 
transport  and  thus  decreased  Epah  is  unlikely 
since  its  excretion  is  almost  totally  by  glo- 
merular filtration  (9).  In  our  previous  studies 
(1)  Renografin  did  not  alter  intrarenal  distri- 
bution of  blood  flow  as  measured  with  radio- 
active microspheres;  therefore,  it  seems  un- 


likely that  the  fall  in  Epah  reflects  a  shift  in 
renal  blood  flow  from  cortex  to  medulla. 
Since  the  contrast  media  significantly  de- 
pressed Epah  whether  it  was  hyperosmotic  or 
isosmotic  and  equiosmolar  NaCl  did  not,  it  is 
clear  that  the  effect  is  not  due  to  the  hyperos- 
motic nature  of  the  contrast  media.  In  accord 
with  the  studies  of  Danford  et  al  (10)  it 
appears  that  the  efTect  is  mediated  by  the 
organic  iodinated  portion  of  the  molecule. 

Of  interest  is  the  fact  that  metrizamide 
depresses  Epah  but  does  not  depress  basal 
short-circuit  current  in  the  isolated  toad  uri- 
nary bladder.  Thus,  both  the  anionic  (diatri- 
zoate)  and  non-ionic  (metrizamide)  contrast 
media  decrease  Epah  by  a  mechanism  that  is 
unrelated  to  their  osmotic  properties  and 
probably  dependent  on  the  organic  iodinated 
portion  of  the  molecule.  However,  only  the 
anionic  form  (diatrizoate)  lowers  basal  short- 
circuit  current  in  the  isolated  toad  urinary 
bladder.  These  observations  are  in  support  of 
Ziegler  and  Olsen's  view  (6)  that  anions  (e.g. 
diatrizoate)  may  regulate  sodium  transport 
but  do  not  indicate  that  there  is  a  dependent 
link  between  sodium  transport  and  PAH 
transport. 

Summary,  Nonionic  and  anionic  contrast 
media,  isosmotic  or  hyperosmotic,  decrease 
Epah  while  equiosmolar  NaCl  does  not;  this 
effect  is  mediated  by  the  organic  iodinated 
portion  of  the  molecule. 
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Interferon  induces  pronounced  modiflca- 
tions  of  the  surface  of  cells  both  in  vitro  (1-8) 
and  in  vivo  (9,  10)  and  these  changes  may 
well  be  important  in  understanding  the  varied 
biologic  effects  of  interferon  (11).  In  investi- 
gating the  efTect  of  interferon  on  the  cell 
surface,  we  showed  previously  that  incuba- 
tion of  murine  lymphoma  and  normal  lymph- 
oid cells  with  interferon  resulted  in  a  marked 
enhancement  in  the  expression  of  surface  his- 
tocompatibility (H-2)  antigens  (2,  3).  Like- 
wise inoculation  of  mice  with  interferon  or 
interferon  inducers  resulted  in  an  increase  in 
the  expression  of  H-2  antigens  on  the  surface 
of  thymocytes  and  splenic  lymphocytes  (9, 
10).  H-2  antigens  on  viral  infected  target  cells 
appear  to  be  an  integral  part  of  the  recogni- 
tion and  destruction  of  these  cells  by  cytotoxic 
lymphocytes  (12-18).  Since  we  have  shown 
that  interferon  increases  the  expression  of  H- 
2  antigens  on  lymphoid  cells  and  enhances 
the  cytotoxicity  of  sensitized  lymphocytes 
(19),  it  seemed  important  to  determine 
whether  interferon,  a  product  of  viral  infected 
cells,  could  also  modify  the  expression  of  H- 
2  antigens  on  nonlymphoid  cells,  or  whether 
this  efifect  was  restricted  to  lymphoid  cells. 
The  results  presented  herein  show  that  mouse 
interferon  does  in  fact  markedly  enhance  the 
expression  of  H-2  antigens  on  mouse  embry- 
onic fibroblasts. 

Materials  and  methods.  Mice,  Pathogen  free 
DBA/2,  C3H  and  C57B1/6  mice  were  ob- 
tained from  the  breeding  colonies  of  the  In- 
stitut du  Cancer.  Breeding  couples  of  BIO 
and  B 10  D2  mice  were  obtained  from  Jackson 
Laboratories  Bar  Harbor,  Maine  and  a  col- 
ony was  maintained  at  the  Institut  du  Cancer. 

Interferon  and  control  preparations.  Mouse 
interferon  was  prepared  from  C-243  cells  in- 
duced with  Newcastle  Disease  virus.  The 

^This  work  was  aided  by  the  D.R.M.E.  (Contract 
76/342),  D.G.R.S.T.  (Contract  76.7.1450)  I.N.S.E.R.M. 
(ATP  43.76-75  and  CRL  77.4.(^72). 


techniques  of  preparation,  concentration  and 
assay  have  been  previously  described  (20). 
The  control  preparation  consisted  of  medium 
harvested  from  uninduced  C-243  cell  cul- 
tures. The  cell  free  supernatant  was  processed 
and  concentrated  in  a  manner  identical  to 
that  used  in  the  preparation  of  interferon 
(20).  In  one  experiment  brain  interferon  was 
prepared  from  mice  inoculated  intracere- 
brally  with  West  Nile  virus  (21).  One  of  our 
units,  as  expressed  in  the  text  is  the  equivalent 
of  four  reference  units.  The  specific  activities 
of  the  C-243-cell  and  brain  interferon  were 
approximately  10^  units  and  10^  units/mg 
protein  respectively.  Human  leucocyte  inter- 
feron was  kindly  provided  by  Dr.  K.  Cantell 
(22)  and  rabbit  interferon  was  prepared  from 
RKi3  cells  inoculated  with  Newcastle  Disease 
virus. 

Sera:  The  origin  of  the  sera  used  is  sum- 
marized in  Table  III. 

Assays  of  cytotoxicity.  The  method  used  for 
determining  the  specific  complement  depen- 
dant cytotoxicity  of  alloantisera  on  radioac- 
tive labelled  chromium  (*^Cr)  target  L1210 
(H-2^)  cells  have  been  previously  described 
(1)  as  has  the  technique  of  ^^Cr  labelling  of 
mesenteric  lymph  node  cells  (23).  The  micro- 
droplet  lymphocytotoxicity  tests  were  carriecf 
out  in  Terasaki  plates  as  previously  described 
(24). 

Experimental  plan.  Secondary  fibroblast 
cultures  from  18-day  old  embryos  were 
seeded  at  a  concentration  of  5  X  10*  or  10^ 
cells/ml  in  3  cm  diameter  Falcon  Petri  dishes 
(2  ml/dish)  in  5%  COjj-air  at  37°.  After  18-24 
h  in  culture,  the  nonadherent  cells  were  re- 
moved, the  monolayer  culture  was  washed 
and  nutrient  MEM  medium  with  S%  calf 
serum  was  replaced  containing  approxi- 
mately 10,000  units  of  mouse  interferon  or 
suitable  control  preparations.  After  18  hr  of 
incubation  with  interferon,  the  cell  mono- 
layer was  washed  3x  and  incubated  with 
twofold  dilutions  of  0.2  ml  alloantisenun. 
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icubation  of  cells  with  antiserum  for 
e  residual  serum  was  removed  and 

as  described  above  for  complement 
mt  cytotoxicity.  Unless  otherwise  in- 

determinations  were  always  carried 
uplicate. 
ts.  Enhanced  expression  of  H-l  anti- 

interferon  treated  DBA/ 2  embryonic 
ists.  Secondary  cultures  of  DBA/2 
mbryonic  fibroblasts  were  treated  for 
nth  10*  units  of  mouse  C-243  cell 
3n  and  then  incubated  with  varying 
s  of  a  C57B1/6  (H-2*»)-anti  L1210  (H- 
serum.  As  illustrated  in  Fig.  1,  inter- 


antlserum    dilution 
.  Assay  of  residual  C57B1/6  anti-L1210  cell 
^^Cr  labelled  L1210  cells  after  absorption  on 
secondary  cultures  of  DBA/2  embryonic  fi- 

(O O);  or  cultures  treated  with  a  control 

>n  (D D);  or  with  cultures  treated  with  10^ 

:-243  cell  interferon  (• •).  The  activity  of 

terum    prior    to    absorption    is    shown    by 


feron  treated  cultures  absorbed  a  greater 
amount  of  alloantiserum  (see  antiserum  di- 
lution 1:32)  than  cuUures  treated  with  a  con- 
trol preparation  or  left  untreated.  Another 
experiment  using  five  cultures  per  serum  di- 
lution showed  the  reproducibiUty  of  the  phe- 
nomenon (experiment  1  Table  I). 

Only  treatment  of  cells  with  partially  pur- 
ified mouse  C-243  cell  interferon  or  crude 
mouse  brain  interferon  resulted  in  an  in- 
creased absorption  of  alloantiserum.  Human 
and  rabbit  interferon  preparations  were  in- 
efTective  (experiment  2,  Table  I)  as  were 
mouse  control  preparations  (experiment  1, 
Table  I). 

In  the  above  experiments  sera  were  ab- 
sorbed with  10*  cells  treated  with  10*  units  of 
interferon  but  the  enhancing  efTect  of  inter- 
feron on  the  expression  of  H-2  antigens  was 
also  observed  when  fewer  cells  (2.S  X  10^),  a 
smaller  amount  of  interferon  (10^  units  of 
interferon)  were  used.  (Minimal  dose  of  in- 
terferon appeared  to  be  approximately 
102-10^  units). 

Determination  of  the  number  of  viable  and 
dead  cells  in  the  fibroblast  cultures  of  the 
different  groups  showed  that  interferon  had 
not  affected  cell  multiplication  in  the  first  24 
hr.  This  finding  was  in  accord  with  previous 
work  of  Lindahl-Magnusson  and  coworkers 
who  found  that  the  inhibitory  effect  of  inter- 
feron on  the  multipUcation  of  mouse  embry- 
onic fibroblasts  was  not  observed  until  after 
several  days  of  culture  (25). 

Evidence  that  the  ^ect  of  interferon  is  on 
the  expression  of  H-l  antigens.  To  define  the 


I.  Enhanced  Expression  of  H-2  Antigens  on  Mouse  Interferon  Treated  DBA/2  Embryonic 

Fibroblasts. 


Antisenim'  absorbed  on 

Treatment  of  fibroblasts^ 

%    Specific   ''^Cr   release 

10^  DBA/2  embryonic  fi- 

from L1210  Urget  cells 

broblasts 

No 



86%  ±  11 

Yes 

None 

78%  ±7 

Yes 

Control  preparation 

66%  ±6 

Yes 

Mouse  C-243  cell  interferon  (10^  units) 

46%  ±8 

No 

— 

100% 

Yes 

None 

100% 

Yes 

Human  leucocyte  interferon  ( 10^  units) 

93% 

Yes 

Rabbit  RK13  cell  interferon  (10^  units) 

97% 

Yes 

Mouse  C-243  cell  interferon  (10^  units) 

46% 

Yes 

Mouse  brain  interferon  (10^  units) 

56% 

\\/6  anti-L1210  cell  serum  diluted  1:20  and  1:32  in  experiments  1  and  2  respectively.  Specific  '^'Cr  release 

id  for  residual  antiserum  after  absorption  on  DBA/2  fibroblasts. 

c  were  five  cell  cultures  per  serum  dilution  in  experiment  1  and  duplicate  cultures  in  experiment  2. 
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optimal  experimental  conditions  for  demon- 
strating enhancement  by  interferon  of  the 
expression  of  H-2  antigens  on  embryonic  fi- 
broblasts and  to  show  that  interferon  itself 
was  responsible  we  have  used  in  the  preced- 
ing experiments  a  crude  C57B1/6  anti-L1210 
tumor  cell  serum  absorbed  on  DBA/2  fibro- 
blasts and  assayed  on  ^^Cr  labelled  L1210 
tumor  cells.  In  the  following  series  of  experi- 
ments we  have  shown  by  the  use  of  different 
sera,  different  embryonic  fibroblasts  and  dif- 
ferent target  cells  in  the  assays  that  interferon 
did  enhance  the  expression  of  antigens  coded 
by  the  H-2  complex.  Firstly,  the  results  of  the 
experiment  summarized  in  Panel  A,  Table  II 
showed  that  enhancement  in  the  expression 
of  H-2  antigens  occurs  in  an  experimental 
system  in  which  neither  tumor  antigens  nor 
tumor  cells  were  present,  ie.,  an  antiserum 
directed  against  CS7B1/6  lymphocytes.  Sec- 
ondly, in  the  experiment  illustrated  in  Panel 
B  (Table  II)  we  used  a  commercially  available 
monospecific  anti-H-2^  serum,  absorbed  on 
DBA/2  fibroblasts  and  assayed  on  ^^Cr  la- 
belled mesenteric  BIO  D2  lymph  node  cells. 
In  a  second  experiment  (Panel  C  Table  II)  we 


used  a  crude  C57B1/6  (H-2»')  anti.DBA/2  (H- 
2"*)  sera  absorbed  on  BIO  D2  fibroblasts  and 
assayed  on  BIO  D2  lymphocytes.  BIO  D2 
mice  (H-2*')  arc  congenic  with  BIO  mice  (H- 
2**)  differing  from  these  only  at  the  H-2  locus. 
Thus  by  testing  the  C57B1/6  sera  on  BIO  D2 
fibroblasts  we  determined  spedfically  expres- 
sion of  H-2  antigens.  (Preliminary  tests 
showed  that  this  serum  did  not  exhibit  any 
toxicity  for  BIO  lymphocytes). 

Effect  of  interferon  on  the  expression  ofH- 
2K,  H'2D,  and  la  antigens  on  C3H  embryonic 
fibroblasts.  We  have  previously  observed  that 
interferon  exerted  a  differential  eflfect  on  the 
expression  of  H-2K,  H-2D  and  la  antigens 
on  splenic  lymphocytes  (10).  Likewise  as  can 
be  seen  in  Fig.  2,  incubation  of  10^  C3H 
embryonic  fibroblasts  with  5  X  10^  units  of 
C-243  cell  interferon  resulted  in  a  clear  cut 
increase  in  the  expression  of  H-2^  (Panel  A), 
H:2D*'  (Panel  C),  H-2K*'  (Panel  D)  but  ex- 
erted no  effect  on  the  expression  of  antigens 
detected  by  an  antiserum  directed  against 
I^'G^'S^TL  (Panel  B). 

Discussion,  The  results  of  previous  experi- 
ments showed  that  interferon  treatment  of 


TABLE  II 

PANEL 

A 

B 

C 

Antiserum  prepared: 
Dilution 

DBA/2  anti-C57Bl/6 
1:258 

BJOBr  anti-BlO  D2 

(SeaHe) 
1:10 

C57BI/6  anti'DBA/2 
1:15 

Absorbed    on    embryonic    fibro- 
blasu  from: 

C57B1/6 

DBA/2 

B10D2 

Antiserum  assayed  on  target  cell: 

C57B1/6    splenic    lym- 
phocytes 

BIO  D2  mesenteric 
lymph  node  cells  (la- 
beled with  *»Cr) 

BIO  D2  mesenteric 
lymph  node  cells  (U- 
beUedwith'^'Cr) 

Results  expressed  as: 

%  of  lysed  cells  (trypan 
blue) 

%  specific  **Cr  release 

%  spedHc  >'Cr  lelease 

Antiserum  no 

t  absorbed 
''—Not  treated 

81%  ±12 
71%±  11 

96% 
36.3%  ±  5 

84%  ±13 
62%  ±3 

Antiserum 
absorbed^ 
on    fibro- 
blasts 

—Treated    with    a 
control  prepa- 
ration 

—Treated         with 
mouse     C-243 
cell   interferon 
L       (10*  u) 

68%  ±  9 
39%  ±  5 

23.3%  ±  2.5 

74%  ±  8.5 
27%  ±6 
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TABLE  III. 


Laboratory  of  origin 

Mouse  strain 

Directed  against 

Author 

C57B1/6  anU.DBA/2^ 

H-2- 

Autlior 

DBA/2  anU-C57Bl/6 

H.2»» 

Searle  Diagnostic 

B10BranU-B10D2 

H.2«* 

Dr.  H.  O.  McDcvitt 

C3H.SW  anU-C3H-DiSn 

H-2'» 

Dr.  H.  O.  McDevitt 

(A.TL  X  C3H.OL)  Fl  anti-C3H 

H-2K'' 

Dr.  H.  O.  McDevitt 

(ATL  X  BIO.A)  Fl  anti-BlO.Br 

H-2iy 

Dr.  H.  O.  McDevitt 

A.TH  anti-ATL 

I'K3'»S''TL 

*  One  antiserum  was  made  by  injecting  L12I0  (H-2'^  tumor  cells  and  another  by  injecting  normal  DBA/2  splenic 
lymphocytes.  All  other  sera  were  produced  by  injection  of  normal  lymphoid  cells. 


3 

o 

Ml 
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Fio.  2.  Assay  of  residual  sera  on  C3H  splenic  lym- 
phocytes (expressed  as  %  of  trypan  blue  positive  cells) 

after  incubation  with  untreated  (O O)  or  interferon 

treated  (S  x  10*  uniu  of  C-243  cell  interferon 
(# #).  The  activity  of  the  antiserum  prior  to  absorp- 
tion is  illustimted  by  (A A).  Panel  A,  anti-H-2''.  Panel 

B,  anti-lH3^STL.  Panel  C,  anti-H-2D*'.  Panel  D,  anti- 
H-2K»' 


malignant  or  nonnal  lymphoid  cells  resulted 
in  an  increase  in  the  expression  of  H-2  anti- 
gens (2,  3, 9,  10)  It  seemed  important  to  us  to 
determine  whether  this  effect  was  restricted 
to  lymphoid  cells  or  was  of  more  general 
relevance  and  could  be  observed  on  normal 
nonlymphoid  cells.  The  results  presented 
herein  clearly  show  that  interferon  enhanced 
the  expression  of  H-2  antigens  on  embryonic 
fibroblasts  prepared  from  different  strains  of 
mice.  In  previous  work  alloantisera  were  of- 
ten assayed  on  chromium  labelled  tumor  cells 
and  probably  contained  antibody  to  antigens 
other  than  H-2  antigens  (2,  3).  In  this  study 
we  showed  that  interferon  treatment  was  ac- 
companied by  an  enhancement  in  the  expres- 
sion of  H-2  antigens  in  experimental  systems 
where  tumor  antigens  were  not  involved 
either  in  the  preparation  of  sera  or  in  the 


assay.  The  use  of  congenic  mice  differing 
only  at  the  H-2  locus,  and  monospecific  and 
restricted  sera  against  determinants  of  the  H- 
2  complex  permit  us  to  affirm,  with  the  con- 
fidence that  these  reagents  and  techniques 
allow,  that  we  are  measuring  the  expression 
of  H-2  antigens,  and  furthermore  that  the 
effect  of  interferon  appears  to  be  specific  for 
antigens  coded  for  by  the  K  and  D  region  of 
the  H-2  complex.  No  effect  was  observed  on 
the  expression  of  la  antigens. 

These  experiments  and  those  previously 
reported  raise  a  number  of  questions.  Does 
the  enhanced  expression  of  H-2  antigens  on 
interferon  treated  lymphoid  or  non  lymphoid 
cells  reflect  an  increase  in  the  amount  of  H-2 
antigens  due  either  to  an  increase  in  synthesis 
or  a  decrease  in  shedding,  or  a  difference  in 
the  spatial  presentation  of  H-2  antigens  on 
the  cell  surface?  To  date  we  have  observed 
an  increase  in  the  expression  only  of  H-2 
antigens  on  interferon  treated  cells.  Inter- 
feron treatment  has  not  resulted  in  any  mod- 
ification in  the  expression  of  Thy-1  (3),  la 
(10)  or  TL  (Lindahl,  P.,  unpublished  obser- 
vations) antigens.  What  is  the  explanation  for 
the  seeming  selectivity  of  this  effect?  Lastly 
what  is  the  relationship  between  the  effect  of 
interferon  on  the  expression  of  H-2  surface 
antigens  and  other  effects  of  interferon  on 
cells  ie.  antiviral  action,  inhibition  of  cell 
division  and  enhancement  of  cell  function. 

Summary.  Treatment  of  mouse  embryonic 
fibroblasts  with  mouse  interferon  enhances 
the  expression  of  surface  histocompatibility 
antigens  as  demonstrated  by  quantitative  ab- 
sorption of  anti-H2  sera.  Interferon  exerts  a 
differential  effect  on  the  expression  of  H-2D, 
H-2K  and  la  antigens. 

We  are  deeply  indebted  to  Drs.  H.  O.  McDevitt  and 
D.  Murphy  for  their  generous  gifts  of  antisera  and  their 
advice. 
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diac  tumors  are  rare  neoplasms  that 
ate  mostly  in  connective  tissue  (1).  The 
;  of  the  connective  tissue,  especially  the 
aminoglycans  (GAG),  in  heart  tumors 
>t  been  well  established,  but  a  compar- 
f  normal  heart  GAG  to  that  of  cardiac 
s  should  help  reveal  the  histogenesis  of 
leoplasms.  In  this  study,  several  tumors 
x>mpared  to  normal  human  heart  tissue 
\G  composition. 

hods  and  Materials.  Tumors  were  col- 
during  surgery  or  from  necropsy  and 
n  formalin  or  frozen  until  studied.  They 
obtained  from  Charity  Hospital  and 
I  Infirmary  in  New  Orleans,  LA;  Mayo 
in  Rochester,  MN;  and  Lafayette  M^- 
aboratory  in  Lafayette,  LA.  Three  of 
X  tumors  were  myxomas,  one  was  a 
nant  mesenchymoma,  one  was  a  rhab- 
oma,  and  one  was  a  primary  angiosar- 
that  we  obtained  in  three  parts:  (a) 
of  the  left  ventricle,  (b)  residual  tumor 
sft  ventricular  wall,  (c)  tumor  of  the 
atrial  cavity.  Control  tissues  were  col- 
shortly  after  necropsy  from  portions  of 
ee  wall  of  the  left  and  right  ventricles 
he  ventricular  septum  from  Charity 
tal  patients  who  did  not  show  chnicid 
ice  of  heart  disease. 
^ation  of  GAG,  The  control  cardiac  and 
'  tissues  were  minced,  defatted,  dehy- 
1  with  acetone,  and  air-dried.  GAG 
extracted  with  2%  sodium  hydroxide  for 
from  dry-defatted  tissue  by  methods 
bed  earlier  (2).  The  extracts  were  neu- 
id  with  7.3S  N  phosphoric  acid  and 
ed  with  pronase  for  72  hr  while  being 
cd  against  0.1  M  phosphate  buffer  pH 
lie  digests  were  then  treated  with  tri- 
>acetic  acid,  filtered  through  celite,  and 
ed  against  distilled  water.  The  samples 

>ported  by  funds  from  the  National  Heart  and 
istitute  of  the  USPHS  (HL02942)  and  the  Spe- 
Center  of  Research-Arteriosclerosis  (HL15103). 


were  concentrated,  and  the  total  content  of 
GAG  isolated  from  the  tissue  was  estimated 
by  uronic  acid  analysis  (3). 

Fractionation  of  GAG  by  column  chroma- 
tography. The  isolated  GAG  were  fraction- 
ated on  Dowex-lX2  (AG  200-400  mesh)  Cl" 
column,  1.0  X  SO  cm,  by  eluting  with  a  step- 
wise-increasing  concentration  of  NaCl 
(0.5-4.0  Af)  (4).  The  effluent  fractions  were 
dialyzed,  concentrated,  and  analyzed  for 
uronic  acid  content.  Briefly,  the  resin  tech- 
nique fractionates  GAG,  due  to  their  poly- 
dispersity  and  varying  degrees  of  sulfation, 
essentially  into  groups  of  compounds  that 
require  further  chemical  analyses  for  quanti- 
tation of  individual  GAG.  Similar  fractiona- 
tions have  been  done  on  GAG  preparations 
from  a  number  of  sources,  including  skin, 
aorta,  heart,  kidney,  and  liver  (5-9).  After 
studies  of  four  tumors  and  control  tissue  were 
completed,  another  myxoma  and  the  rhab- 
domyoma became  available.  Fractionations 
of  GAG  from  these  tissues  were  conducted 
by  an  automated  column  chromatographic 
procedure  (10).  The  results  of  individual 
GAG  obtained  by  both  fractionation  proce- 
dures are  comparable. 

Analysis  of  fractions.  The  GAG  were  then 
quantitated  by  additional  analyses  by  an  ap- 
proach which  has  been  described  in  detail 
earlier  (11).  Fractions  obtained  from  resin 
columns  were  analyzed  for  uronic  acids  and 
hexosamines  by  gas-liquid  chromatographic 
techniques  (GLC)  (12,  13).  For  hexosamine 
analysis  the  GAG  were  hydrolyzed  with  4  N 
HCl  for  16  hr  in  sealed  tubes  at  100-105°. 
We  prepared  trimethylsilyl  (TMS)  derivatives 
by  a  method  previously  described  using  hex- 
amethyldisilazane  and  dimethylformamide 
(12).  Samples  to  be  analyzed  for  uronic  acid 
were  hydrolyzed  with  concentrated  formic 
acid  at  100-105"^  for  20  hr  in  sealed  tubes 
under  nitrogen.  We  prepared  the  TMS  deriv- 
atives of  uronic  acid  by  the  method  of  Swee- 
ley  et  al.  (14)  and  estimated  chondroitin  4- 
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sulfate  (Ch  4-SO4)  and  chondroitin  6-sulfate  GAG.  The  control  tissues,  from  right  and  left 

(Ch  6-SO4)  according  to  Mathews  and  Inouye  ventricles,  contained  similar  concentratioiis 

(IS).  We  further  identified  GAG  fractions  by  of  GAG.  In  contrast,  the  myxoma  and  maUg- 

electrophoresis  on  cellulose  acetate  in  pyri-  nant  mesenchymoma  tissue  contained  seven 

dine-formic  acid  buffer  pH  3.0.  Mixtures  of  to  ten  times  more  GAG  than  the  control 

chondroitin  sulfates  and  dermatan  sulfate  ob-  tissues;  the  rhabdomyoma  contained  four 

tained  in  the  automated  chromatographic  times  more;  and  the  angiosarcoma  tissue 

procedure  were  analyzed  for  Ch  4-SO,  Ch  6-  ranged  from  approximately  one  and  a  half  to 

SO4  and  dermatan  sulfate  (DS)  by  an  enzy-  twice  the  amount  isolated  from  control  car- 

matic  method  described  by  Saito  et  al  (16).  diac  tissue. 

Results,  The  amounts  of  total  GAG  ex-        An  example  ofthe  multiple  analyses  of  the 

tracted  from  control  cardiac  and  tumor  tis-  different    GAG    fractions    isolated    from 

sues  are  expressed  in  Table  I  as  mg  uronic  myxoma  #1  after  fractionation  on  Dowex 

add  per  gm  of  dry-defatted  tissue.  Assuming  Colunm  is  shown  in  Table  II.  Most  of  the 

uronic  acid  accounts  for  approximately  30%  GAG  were  eluted  at  0.S,  1.2S,  and  1.S  M 

of  the  GAG,  we  multiply  these  values  by  NaCl.  The  fraction  eluted  at  O.S  M  NaG 

three  to  estimate  the  average  content  of  contained  glucuronic  acid  and  glucosamine 

TABLE  I.  Total  GAG  Content  of  Various  Cardiac  Tumors. 


Total  GAG  (mg 

uronic  acid/g  dry- 

Type  of  tumor 

Patienu*  Sex  and  Age 

defatted  time) 

Myxoma  (#1)' 

F  29  years 

439 

Myxoma  (#2) 

F  33  years 

3.42 

Myxoma  (#3) 

F  53  years 

4.43 

Malignant  Mesenchymoma 

—M7  years 

3JI 

Rhabdomyoma 

M  10  days 

2.14 

Angiosarcoma^ 

__        c 

(a)  Angiosarcoma  of  left  ventricle 

0.77 

(b)  Residual  tumor  of  (a)  and  normal  left  ventricle  wall 

0.79 

(c)  Angiosarcoma  in  right  atrial  cavity 

1.08 

Control  Hearts  (N  -  5) 

M  21-56  years 

Left  ventricle 

0.46  ±0.09^ 

Right  ventricle 

0.51  ±0.06'' 

'  Myxomas  were  from  different  individuals. 

^  All  angiosarcomas  were  from  the  same  individual 

'  —  information  not  available. 

''  S£.  GAG  "  glycosaminoglycans;  N  «  Number  of  tissues 

TABLE  II.  An  Example  of  Analysis  of  Fractions  from  Dowex  1  x  2  C1~  Column  of  GAG  from 

Myxoma  (#1).* 


Fractioni 

Ou-liquid  chromatognphy 

Ekctro- 

ftomool- 

mgperg 

phoradc 

umaM 

dryMkliu- 

idcotifka- 

NaO 

tcdtimie 

%  of  loUl  hexosAinme 

%orioUliir 

oak  add 

tk» 

%orOAOfrMlioos 

GlcN 

OalN 

OlcUA 

MUA 

HA 

HS 

DS 

Ck4.90/ 

Cb6-S0.* 

0.S0 

0.96 

100 

tr 

100 

tr 

HA 

100 

— 

_ 



__ 

0.75 

0.19^ 

1.00 

o-srV 

8.0 

910 

S2.8 

172 

HS. 

— 

8.0 

17.2' 

2S.8 

41 

1.2s 

X3TJ 

CS/Dff" 

1.S0 

ijxr\ 

100 

O.I3'> 

Ir 

100 

74.0 

26.0 

CS/DS** 

— 

— 

26^ 

13 

61 

4.00 

aor; 

*  Thiiteea  milligrami  uronic  acid  acid  woe  applied  to  Dowex  I  x  2  Cl~  cohunn  and  1 1  mg  recovered. 

*  Calculated  by  method  of  Mathews  and  Inouye  (IS). 
'  Combined  for  analytii. 

'  CS  and  DS  cannot  be  rewlved  in  the  buffer  used. 

'  Fnimatwl  from  the  idurooate  conteoL  Since  DS  afan  «*«n*wf*w»4  tmall  mwmtwtwttm  of  ^ucurooale  thia  vahie  mi^  be  aU^Hy  loww  •»>■«  the  adail 
cooieoL  Ch  4-SO4  -  choodroicin  4-iaUBie;  Ch  6-SO4 «  chondroitin  6-iaUate;  CS  «  chondrailin  loUataa;  DS  «  decnaua  aulfaicc  OalN  •>  phainMar 
GAG  -  glyooaaminoglyGans:  OkN  «  glnoiiaminr.  OlcUA  -  ghicunnic  add;  HA  -  hyahirooic  acid;  HS  «  heparan  loUhle;  IdUA  *  idwaMC  acid 
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nd  was  considered  as  hyaluronic  acid 
The  combined  fractions  that  eluted  at 
.0,  and  1.2S  M  NaCl  contained  both 
amine  and  galactosamine,  and  glucu- 
md  iduronic  acids.  The  fractions  eluted 
2.0  and  4.0  M  contained  galactosamine 
only  hexosamine  but  contained  both 
onic  and  iduronic  acids.  Based  on  these 
es  as  well  as  enzymatic  analyses,  indi- 
GAG  fractions  were  calculated. 
GAG  compositions  of  human  cardiac 
tissues  and  control  myocardium  are 
^  in  Table  III.  HA  and  heparan  sulfate 
were  the  major  GAG  found  in  the 
z  tissue,  although  small  amounts  of 
SAG  were  also  present.  The  observa- 
ire  similar  to  earlier  ones  of  cardiac 
7),  and  these  GAG  are  more  like  those 
ations  from  medial  and  outer  wall  sec- 
f  the  aorta  than  like  those  from  intimal 
ations  of  aorta.  Of  the  myxomas  stud- 
io had  high  Ch  6-SO4  (about  40-50%) 
w  HA  (about  20%),  as  seen  in  myxomas 
id  #2;  and  the  other  had  high  HA 
50%),  low  Ch  6-SO4  (about  20%),  and 
S  (about  5%),  shown  by  myxoma  #3. 
three  tumors  HS  was  present  in  smaller 
Its  than  in  control  tissue,  and  about 
r  toul  GAG  was  Ch  4-SO4.  The  GAG 
ignant  mesenchymoma  tumor  was  sim- 
that  of  myxoma  #3  with  high  HA  and 
h  6.SO4. 

ontrast  to  these  observations  of  myxo- 
nd  malignant  mesenchymoma,  the  an- 


giosarcoma of  the  left  ventricle  and  the  right 
atrial  cavity  in  the  same  heart  showed  the 
major  GAG  to  be  HA,  HS,  and  Ch  4-SO4 
with  lesser  amounts  of  Ch  6-SO4  and  DS. 
While  the  compositions  of  GAG  in  angio- 
sarcoma tissues  from  the  left  ventricle  and 
right  atrial  cavity  were  very  similar,  the  com- 
positions of  GAG  from  the  residual  tumor 
with  normal  left  ventricular  wall  was  some- 
what similar  to  that  of  control  heart  tissues 
with  larger  amounts  of  HA  and  smaller 
amounts  of  the  chondroitin  sulfates.  The 
rhabdomyoma,  however,  with  low  HA  and 
DS  and  very  high  Ch  6-SO4,  appeared  difier- 
ent  from  other  tumors. 

Discussion.  Although  the  clinical  and  ana- 
tomic features  of  cardiac  tumors  have  been 
described  in  many  studies  (17-19),  much  less 
is  known  about  the  biochemical  changes  that 
occur  in  difTerent  types  of  tumors  or  even 
cardiac  tumors  of  similar  histologic  classifi- 
cation. EarUer  studies  have  shown  that  HA 
and  HS,  as  the  major  GAG  found  in  normal 
myocardium,  increase  in  hearts  involved  in 
amyloidosis  (7).  Certainly,  variations  in  GAG 
composition  occur  in  different  cardiac  struc- 
tures (7,  20). 

Myxoma  is  the  most  common  primary  in- 
tracavitary tumor,  however,  the  exact  nature 
of  atrial  myxomas  is  disputed.  Some  investi- 
gators consider  them  atrial  thrombi  in  various 
stages  of  organization  while  others  suggest 
they  are  true  neoplasms  (18).  The  myxoma  is 
composed  mostly  of  plump  endothelial-like 


TABLE  III.  Composition  of  Glycosaminoglycans  in  Human  Cardiac  Tumors. 


Percent  of  toul  GAG 

Type  of  tumor 

HA 

HS 

Ch  4-SO4 

DS 

Ch  6-SO4 

i(#I) 

21.8 

3.8 

17.1 

16.1 

41.2 

i(#2) 

19.8 

a 

12.7 

18.5 

48.9 

i(#3) 

49.2 

7.0 

15.5 

5.1 

23.2 

lit  Mesenchymoma 

50.2 

12.1 

10.0 

12.7 

15.0 

myoma 

16.7 

27.5 

a 

4.2 

51.6 

rcomas: 

ngiosarcoma  of  left  ventricle 

21.9 

27.8 

25.2 

11.4 

13.7 

esidual  tumor  of  (a)  and  normal 

55.3 

27.8 

— 

6.0 

10.9* 

ft  ventricle  wall 

ngiosarcoma  in  right  atrial  cavity 

24.0 

28.1 

24.7 

10.4 

12.8 

Hearts' 

5) 

66.0  ±  15.1 

24.3  ±8.1 

— 

2.8  ±  1.5^ 

6.4  ±2. 1''* 

.  detected. 

udes  small  amount  of  Ch  4-SO4. 

difierence  in  GAG  distribution  was  observed  between  left  and  right  ventricles. 

standard  error.  Ch  4-SO4  "  chondroitin  4-sulfate;  Ch  6-SO4  "  chondroitin  6-sulfate;  DS  «  dermatan  sulfate; 

glycosaminoglycans;  HA  »  hyaluronic  acid;  HS  »  heparan  sulfate;  N  »  number. 
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or  fibroblastlike  cells  dispersed  in  large 
amounts  of  an  amorphous,  metachromatic 
ground  substance.  An  excellent  review  by 
Kelly  and  Bhagwat  (19)  of  the  histologic 
features  of  cardiac  myxomas  suggests  that 
individual  tumors  may  be  difTerentiated  by 
cellular  composition  (at  least  three  types  of 
cells  were  found  (21)).  Heath's  histochemical 
studies  (22)  have  suggested  that  a  Ch  6-SO4 
is  the  predominant  GAG  in  cardiac  myxoma 
tissue.  Our  present  studies  indicate  that  in 
some  myxomas  the  major  GAG  is  Ch  6-SO4, 
although  significant  proportions  of  other 
GAG  are  present,  and  in  others  the  major 
GAG  is  HA.  Studies  of  myxomas  in  other 
parts  of  the  body,  such  as  the  mandible  and 
saUvary  glands,  suggest  that  these  myxomas 
could  form  from  cells  that  are  morphologi- 
cally similar  (23-25).  These  observations  are 
consistent  with  the  occurence  of  myxomas  as 
actual  tumors  and  not  organized  thrombi. 

Malignant  mesenchymoma  is  a  soft-tissue 
tumor  of  mesenchymal  origin  that  is  com- 
posed of  tumor  cells  difTerentiating  into  two 
or  more  unrelated  malignant  forms.  This  tu- 
mor has  areas  of  large  vesicular  cells  and 
many  tumor  giant  cells.  These  hypercellular 
areas  blend  with  areas  composed  of  interlac- 
ing bundles  of  spindle-shaped  cells  with  an 
occasional  focus  of  myxomatous  stroma. 
These  spindle-shaped  enlongated  cells  are 
poorly  differentiated  and  with  azocarmine 
stain  show  collagen  production.  An  occa- 
sional small  focus  of  asteroid  tissue  with  bony 
spicules  is  seen  in  the  viable  fibrous  portions 
of  the  tumor.  Most  mesenchymal  cells  have 
been  shown  to  have  the  ability  to  produce 
both  collagen  and  GAG. 

Rhabdomyoma  is  found  mostly  in  the  new- 
bom  or  infant  but  may  occur  at  any  age.  The 
neoplastic  tissue,  which  is  usually  gathered 
into  multiple  small  nodules,  may  comprise  a 
solitary  tumor  or  involve  the  entire  heart. 
Microscopically,  the  ''spider  cells"  are  greatly 
enlarged,  having  a  central  nucleus  and  a  cy- 
toplasmic mass  connected  to  the  cell  wall  by 
cytoplasmic  strands  separated  by  large  gly- 
oogen-filled  vacuoles. 

Angiosarcomas  are  true  malignant  neo- 
plasms that  appear  to  arise  from  angioblasts, 
usually  from  the  interatrial  septum.  The  tu- 
mor consists  of  ill-defined,  anastomic  vascu- 
lar channels  lined  by  atypical  endothelial 


cells  amassed  in  the  lumen.  Previously,  nei- 
ther histochemical  nor  chemical  analyses 
have  revealed  the  GAG  composition  of  an- 
giosarcomas, but  our  studies  cleariy  demon- 
strate that  GAG  are  present. 

The  observation  that  the  angiosarcomas  of 
the  left  ventricle  and  right  atrial  cavity  in  the 
same  heart  had  the  same  relative  proportions 
of  GAG  suggests  both  that  the  tumor's  site  of 
origin  is  not  associated  with  any  particular 
change  in  the  characteristics  of  the  GAG  or 
their  relative  proportions,  and  that  a  cell  sim- 
ilar to  that  of  a  multipotential  cell,  perhaps  a 
less  difTerentiated  form  of  ''normal"  myocar- 
dial cells,  make  up  tumors  at  both  sites. 

Unfortunately,  there  were  not  enough  tu- 
mors available  in  this  study  to  precisely  as- 
sociate their  GAG  makeup  with  cellular  mor- 
phology. The  present  studies,  however,  sug- 
gest that  a  knowledge  of  GAG  composition 
of  the  cardiac  tumors  can  contribute  to  a 
better  understanding  of  the  nature  of  the 
tumors. 

Summary,  The  glycosaminoglycan  com- 
position of  six  human  cardiac  tumors  (three  I 
myxomas,  a  malignant  mesenchymoma,  a 
rhabdomyoma,  and  an  angiosarcoma)  and 
five  control  hearts  were  studied.  Found  in 
two  different  relative  proportions,  hyaluronic 
acid  and  chondroitin  6-sulfate  were  the  major 
glycosaminoglycans  in  the  myxomas,  sug- 
gesting the  possible  existence  of  two  biochem- 
ically difTerent  myxomas,  one  high  in  hyalu- 
ronic acid,  the  other  hi^  in  chondroitin  6- 
sulfate.  The  glycosaminoglycans  of  angios- 
arcoma tissues  were  mainly  hyaluronic  acid, 
heparan  sulfate  and  chondroitin  4-sulfate. 
Tissue  of  the  left  and  right  ventricles  of  the 
same  heart  had  the  same  relative  proportions 
of  glycosaminoglycans.  Biochemical  studies 
on  the  connective  tissue  components  may  be 
helpfiil  in  understanding  the  nature  of  the 
tumors. 

For  the  tumor  tissues,  the  authors  wish  to  thank  Dr. 
E.  H.  Soule  and  Dr.  R.  B.  WaUace  of  Mayo  Clinic  in 
Rochester,  Minn.,  Dr.  H.  B.  Burch  of  Lafayette  Medical 
Laboratory  in  Lafayette,  LA,  and  Dr.  D.  M.  Bradbum 
of  Touro  Infirmary  in  New  Orleans,  LA.  For  editing  the 
manuscript,  we  thank  Ms.  Caroline  Andrews. 
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Three  mammalian  mitochondrial  enzymes 
are  known  to  be  covalently  bound  to  flavin 
adenine  dinucleotide  (FAD).  Succinic  dehy- 
drogenase (SDH)  (EC  1.3.99.1)  is  part  of  the 
inner  membrane  while  monoamine  oxidase 
(MAO)  (EC  1.4.3.4)  is  part  of  the  outer  mem- 
brane. The  third  enzyme,  sarcosine  dehydro- 
genase (EC  1.5.3. 1)  is  present  in  the  soluble 
or  matrix  space  of  the  mitochondrion.  SDH 
has  been  reported  to  be  covalently  bound  to 
FAD  from  N-3  of  the  imidazole  ring  of  a 
histidine  residue  to  the  8a  methyl  group  of 
riboflavin  (Fig.  lA)  (1).  MAO  has  been 
shown  to  involve  a  bond  between  the  sulfur 
atom  of  a  cysteine  residue  in  the  enzyme  and 
the  8a  methyl  group  of  riboflavin  (2),  while 
the  linkage  in  sarcosine  dehydrogenase  is  like 
that  in  SDH. 

The  two  homologs  of  riboflavin  which  pos- 
sess vitamin-like  properties  in  mammals,  7- 
ethyl-8-methyl-  l()-(r-D-ribityl)isoalloxazine 
(7-ethyl-8  methylflavin  or  7-Et)  (Fig.  IB)  and 
7-methyl.8-ethyl- 10-(  r-D-ribiQrl)isoaUoxa- 
zine  (7-methyl-8-ethylflavin  or  8-Et)  (Fig. 
IC)  (3)  have  been  studied  for  their  abili^  to 
replace  riboflavin  in  the  coenzyme  compo- 
nent of  SDH.  When  7-Et  was  the  sole  meta- 
bolically  active  flavin  in  the  tissues  of  the  rat, 
the  activity  of  the  liver  enzyme  was  reduced 
as  much  as  90%  (4)  while  when  8-Et  was  the 
sole  flavin  utilized  by  the  tissues,  the  loss  of 
activity  was  about  50%  (5).  It  must  be  appre- 
ciated that  7-Et  or  8-Et  were  the  only  flavins 
available  to  these  rats;  no  detectable  ribo- 
flavin can  be  found  in  the  tissues.  These 
flavins  have,  therefore,  replaced  riboflavin  as 
the  coenzyme  group  in  all  flavoprotein  en- 
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zymes  required  for  metabolism  in  these  nUs. 
When  the  rat  was  deprived  of  riboflavin  the 
reduction  of  SDH  activity  was  about  65%  (4). 
However,  rats  receiving  either  of  the  homo- 
logs  are  indistinguishable  with  respect  to  rate 
of  growth,  efficiency  of  food  utilization,  phys- 
ical appearance  and  survival  from  rats  icoeiv- 
ing  riboflavin  (3, 6)  while  riboflavin-defideiit 
rats  show  extreme  abnormalities  with  resptd 
to  these  criteria  and  invariably  die.  The  in- 
dispensability  of  SDH  for  life,  and  the  ab- 
sence of  riboflavin  in  the  tissues  of  the  hom- 
olog-fed  rats,  suggests  that  the  two  homology 
must  be  covalently  linked  to  the  enzyme, 
forming  holoenzyme  analogs.  The  bonds 
most  likely  to  be  formed  are  illustrated  in 
Fig.  2.  We  have  discussed  these  structures  in 
earlier  publications  (5,  7). 

7-Et  possesses  an  8  a  methyl  group  as  in 
riboflavin  yet  it  is  not  as  well  utiliwd  by  SDH 
as  is  8-Et  in  which  the  link  is  assumed  to  be 
at  the  a  carbon  of  the  ethyl  group  (Fig.  2).  A 
similar  covalent  bond  is  likely  to  be  required 
to  produce  a  functional  MAO.  If  the  S  of  t 
cysteine  residue  replaces  the  N-3  of  a  histi- 
dine residue  (Fig.  2)  one  can  visualize  the 
form  of  bonds  required,  if  the  homology  are 
to  function  as  coenzymes  for  MAO.  These 
considerations  prompted  us  to  study  the  rate 
of  change  of  MAO  activity  during  the  time 
when  liver  mitochondrial  riboflavin  is  being 
lost  due  to  riboflavin  deprivation  (Study  I). 
and  the  rate  of  change  of  MAO  and  SDH 
during  the  replacement  of  riboflavin  by  one 
or  the  other  of  the  homologs  (Study  II).  The 
results  of  those  investigations  suggested  a 
comparison  of  L-DOPA  metabolism  by  rats 
utilizing  riboflavin  with  rats  utilizing  one  or 
the  other  of  the  homologs  (Study  III). 

Materials  and  methods.  Weanling  female 
rats  of  the  Wistar  strain,^  initially  weighing 
between  35  and  45  g  were  used  for  the  several 
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'he  basic  diet  of  the  rats  (feeding 
time  "0"  in  all  studies)  consisted  of 
avin-deflcient  diet  previously  de- 
);  this  diet  was  used  for  the  deficient 
roup  DeO  in  Studies  I  and  III.  To 
diet  was  added  20  mg/kg  of  ribo- 
Group  Rb  only  (all  Studies),  20.8 
7-Et  for  Group  7-Et  only  (Studies 
)  and  20.8  mg/kg  of  8-Et  for  Group 
dies  II  and  III).  The  animals  had 
s  to  food  and  water  and  they  were 
i  maintained  as  described  before  (9). 
jroups  D  and  Rb  each  consisted  of 
ng  rats.  At  time  **0"  and  days  1  and 
^ere  taken  from  each  group  and  the 
ich  rat  assayed  independently.  The 
:edure  was  carried  out  on  days  13, 
,  28,  29;  41,  42,  43  and  55,  56,  57. 
iependent  values  were  obtained  for 
lip  for  each  time  interval  (Table  I). 
Group  Rb  consisted  of  36  and  each 
«  7-Et  and  8-Et  of  33  rats.  The 
of  the  NfAO  assay  using  kynura- 
lubstrate  used  in  Study  I  and  our 


)asic  Flavin  Structure: 


Trivial  Name 


FU—      CHr-     Riboflavin 

1H5—     CH.T—     7-Elhyl-8-melhylflavin  or 

7-Et 
ig—      CjHs—   7-Mcthyl-8-cthylflavin  or 

8-Et 


experience  with  the  assay  for  SDH  permitted 
the  use  of  fewer  assays  than  were  made  for 
Study  I.  At  the  start  of  day  1,  equal  portions 
of  the  liver  of  three  rats  from  each  Group 
were  pooled  by  Group  and  duplicate  assays 
performed  on  each  such  pooled  sample.  The 
same  procedure  was  performed  on  days  14, 
28,  42  and  S6.  On  days  28  and  S6,  three 
additional  rats  from  each  Group  were  taken 
for  MAO  assays  using  l-[^^C]-tyramine  as 
substrate.  On  days  S7,  S8  and  S9,  three  rats 
from  each  Group  were  taken  for  MAO  assays 
using  l-["Cl-dopaminc,  2-["Cl-scrotonin 
and  2-["Cl-tryptaminc,  respectively,  as  sub- 
strates (Table  I).  Study  III:  Groups  Rb,  D,  7- 
Et  and  8-Et  consisted  of  44,  41,  34  and  36 
rats,  respectively.  At  time  'W,  10  rats  from 
Group  Rb  were  given  interperitoneal  injec- 
tions of  L-DOPA  (320  mgAg  of  body  weight) 
(10).  The  same  procedure  was  used  for  10-16 
rats  from  each  Group  on  days  14,  28  and  S6. 
Rats  able  to  metabolize  L-DOPA  and  its 
products  survived  while  those  unable  to  do 
so,  died  within  4  hr  from  the  time  of  injection 
(Table  III). 

Prior  to  the  assays  for  MAO  and  SDH,  the 
rats  were  fasted  for  16  hrs,  then  lightly  anes- 
thetized and  killed  by  decapitation.  The  livers 
were  removed  and  placed  in  cold  0.25  M 
sucrose.  For  Study  I,  tissue  (2  g)  was  taken 
from  the  right  median  lobe  from  each  rat  of 
Group  Rb,  but  because  of  their  small  size  for 
all  rats  at  time  **0'*  and  days  1  and  2,  and  all 
those  from  Group  D  at  later  times  as  well, 
portions  from  more  than  one  lobe  were  re- 
quired to  obtain  2  g.  For  Study  II,  approxi- 
mately 0.7  g  portions  taken  from  each  of  the 
three  rats  of  a  Group  were  pooled  (2  g  total). 

Isolation  of  mitochondria.  In  all  cases  a  10% 
homogenate  in  0.25  M  sucrose  was  prepared 
by  using  10  slow  passes  of  the  Teflon  pestle 


-histidyl- 


H5C2 

7-Ethyl-8-methylflavin 
(7-El) 


HaC-HC-ffS 


7-Methyl-8-ethylflavin 
(8-El) 


boflavin 
(Rb) 

•omis  of  the  oovalent  bond  between  riboflavin  and  the  homologs  and  SDH.  The  structure  of  the  bond 
iethyl-8-ethylflavin  and  histidine  as  shown  is  hypothesized  on  the  basis  of  the  rule  of  hyperoonjugation 
Res  the  most  active  hydrogen  atoms  as  those  a^ha  to  a  double  bond  or  other  electron-deficient  unit  (19). 
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TABLE  I.  Monoamine  Oxidase  Activity  of  Hepatic  Mitochondrial  Preparations  from  Rats 
Receiving  Riboflavin  (Rb),  No  Riboflavin  (DcO,  7-Ethyl-8-Methylflavin  (7-Ei)  or  7-Methyl-8- 

Ethylflavin  (8-Et).  (Studies  I  and  II). 

Group  

Substrate  0  14 


Riboflavin  (Rb) 

kynuramine  100°  100 

l-I**Cl-tyraminc 

l-I^CJ-dopaminc 

2-I"Cl-scrolonin 

2-I"C]-tryplaminc 
Riboflavin  deficient  (DeO 

kynuramine  100^  49 

J-Ethyl-S-methylJlavin  (T-El) 

kynuramine  100  34 

l-I"Cl-tyramine 

l-I"C]-dopamine 

2-["ci-serotonin 

2-I"Cl-tryplamine 
7'Melhyl'8'ethylJlavin  (8-El) 

kynuramine  100  IS 

l-I**Cl-tyramine 

l-I^CJ-dopamine 

2-["Cl-seTOtonin 

2-I"Cl-lryplamine 


Days 

28 

42 
100 

56 

100 

100 

100^ 

100 
100 
100 
100 

29 

16 

16 

20 

19 

18 

39' 

22 
29 
35 
30 

6 

4 

3 

16' 

11 
21 
23 

7 

'  All  assay  values  determined  as  n  moles  substrate  oxidized/min/mg  protein.  The  normal  values  for  the  enzynie 
activities  in  Group  Rb  were:  time  **0*\  4.2  ±  0.12;  day  14,  4.4  ±  0.14;  day  28, 4.0  ±  0.1 1;  day  42,  4.2  ±  OJO;  day  56, 
4.2  ±  0.20.  All  vadues  in  the  table  are  expressed  as  percentage  of  the  value  for  Group  Rb  done  in  parallel  with  the 
experimental  Groups. 

*The  assay  values  for  the  enzyme  activity  for  Group  Def  were:  time  **0",  4.2  ±0.12;  day  14,  1.7  ±  0.12;  day  28, 
1.1  ±  0.02;  day  42.  0.67  ±  0.02;  day  56, 0.66  ±  0.04.  The  "P**  value  for  the  difference  between  Group  Rb  and  Group 
Def  for  each  time  interval  is  less  than  0.000 1 . 

'  The  assay  values  for  the  enzyme  activity  for  this  time  interval  were:  day  28,  Group  Rb,  8.80  ±  0.36  m  U/m^  for 
Group  7-Et,  3.41  ±  0.18  m  U/mg,  and  for  Group  8-Et,  1.38  ±  0.06  m  U/mg,  where  one  m  U  «  1  nmole/min.  The 
other  assays  by  the  radiometric  procedure  were  of  comparable  precision. 

TABLE  II.  Succinic  Acid  Dehydrogenase  TABLE  111.  Survival  of  Rats  Receiving 

Activity  of  Hepatic  Mitochondrial  Riboflavin  (Rb).  No  Riboflavin  (DeO«  7-Ethyl-8- 

Preparations  from  Rats  Receiving  Riboflavin  Methylflavin  (7-Et)  or  7-Methyl-8-Ethylflavin 
(Rb),  7-Ethyl-8-Methylflavin  (7-Et)  or  7-  (8-Et)  Following  the  Aministration  of  L- 

Methyl-8-Ethylflavin  (8-Et).  (Study  11).  DOPA."  (Study  111). 


Days 

Days 

0 

14 

28 

42 

56 

0 

14 

28 

56 

Riboflavin     100" 
7.Et          100 
8.Et          100 

100 
67 
71 

100 
34 
64 

100 
24 
58 

100 
19 
49 

Rb 
Def 

7.Et 
8-Et 

0/10* 

0/10 
0/10 
0/10 
3/10 

1/10^ 

0/11 

3/10 

10/10 

0/14 
1/20^ 
1/14 

"  Assay  values  determined 

as  umol 

es  succinate  oxi- 

16/16 

dized/min/mg  protein.  The  normal  value  for  hepatic  "  L-3,4-Dihydroxyphenylalanine  administered  IP,  320 

mitochondrial  preparations  found  in  this  study  was  0.397      mg/kg  body  weight.  All  deaths  occurred  in  4  hr  or  less 
±  0.026  /imoles/min/mg  protein.  All  values  are  ex-      except  as  indicated  (see  d  below).  No  hyperactivity  ob- 
pressed  as  percentage  of  the  value  for  the  Rb  Group      served, 
done  in  parallel  with  the  experimental  Groups.  *  Number  of  rats  that  died  over  number  used. 

'  This  rat  was  found  to  have  bled  into  the  abdomen, 
probably  as  a  result  of  an  injury  during  injection, 
in  a  Thomas  'tissue  grinder"  (size  C)  at  450  "*  Died  between  20  and  24  h  following  injection, 

rpm,  with  the  homogenizer  immersed  in  ice 

and  water.  The  tissue  preparation  was  cooled  gauge  cheese  cloth.  The  filtrate  was  oentri- 
at  all  steps  ofthe  procedure.  The  homogenate  fuged  at  600g  for  10  min,  the  supernatant 
was  filtered  through  four  layers  of  No.  80    suspension  was  saved  and  the  peUet  resus- 
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k1  in  18  ml  of  0.25  M  sucrose  in  the 
lal  homogenizer  by  gentle  hand  rotation 
!  pestle.  This  suspension  was  centrifuged 
ove  and  the  combined  supernatant  sus- 
ons  centrifuged  at  9000g  for  10  min.  The 
natant  solution  was  discarded  and  the 
transferred  to  a  15  ml  Dounce  homog- 
r*  with  20  ml  of  0.25  M  sucrose.  Six  slow 
s  were  made  with  the  tight-fitting  pestle 
e  B)  and  the  suspension  centrifuged  at 
^  for  10  min.  The  pellet  obtained  from 
St  centrifugation  was  resuspended  in  10 
F  0.25  M  sucrose  in  a  7  ml  Dounce 
»genizer  as  described  before.  This  mito- 
Irial  preparation  was  used  undiluted  for 
)  assay  and  was  diluted  1-20  with  0.25 
crose  for  SDH  assay.  MAO  activities 
determined  using  either  kynuramine  as 
rate  for  a  spectrophotometric  assay  (11) 
Z!]-labeled  amines  for  a  radiometric  pro- 
e  (12).  The  SDH  activities  were  assayed 
le  use  of  phenazine  methosulfate  and 
^rophenolindophenol  as  the  electron  ac- 
r  system  (13).  Protein  concentrations  of 
litochondrial  preparations  were  deter- 
i  by  the  procedure  of  Lowry  et  al  (14). 
mlts  and  discussion.  The  rate  of  change 
»H  activity  when  the  rats  consumed  diets 
emented  with  one  or  the  other  homolog 
e  II)  was  essentially  identical  with  our 
r  findings  (4,  5).  We  here  report  the 
of  hepatic  mitochondrial  preparations 
a  spectrophotometric  procedure;  previ- 

we  assayed  liver  homogenates  by  a 
metric  procedure.  The  importance  of 
onfirmatory  information  can  be  appre- 
I  when  it  is  realized  that  the  homolog  7- 
dch  yields  the  least  enzyme  function  for 
>  is  the  one  in  which  the  covalent  bond 

8  a  carbon  could  be  established  as  with 
-containing  SDH.  The  homolog  8-Et 
I  provides  a  far  greater  coenzyme  func- 
or  SDH,  is  the  one  in  which  the  covalent 

at  the  8a  carbon  position  would  need 

formed  by  using  the  a  carbon  of  an 
group,  a  structure  which  must  be  con- 
id  abnormal  in  relation  to  the  normal 
bond  but  mandatory  in  a  physicochem- 
ense  (Fig.  2).  Further  it  was  important 
ofirm  the  validity  of  our  earlier  obser- 
[IS  because  of  the  obvious  normal  ap- 
Ace  of  the  rats  receiving  7-Et,  even  when 

uites  Glass  Co.,  Vineland,  NJ. 


they  had  received  the  homolog  for  hundreds 
of  days  at  which  time  the  SDH  activity  did 
not  exceed  9%  of  the  normal  value. 

The  rate  of  change  in  MAO  activity  when 
rats  consumed  the  flavin-free  diet  or  the 
flavin-free  diet  supplemented  with  one  or  the 
other  of  the  homologs  (Table  I),  showed  the 
activity  was  severely  depressed  when  no 
flavin  was  available  or  when  7-Et  was  the 
sole  metabolically  active  flavin,  and  to  be 
vertically  abolished  (depending  on  the  sub- 
strate used)  when  8-Et  was  utilized.  The  re- 
duction of  hepatic  MAO  activity  during  the 
development  of  riboflavin  deficiency  had 
been  studied  by  others  (15)  but  the  rate  of  fall 
was  not  as  rapid  as  we  have  observed.  The 
MAO  activities  when  kynuramine  or  trypt- 
amine  (and  possibly  tyramine)  was  used  as 
substrate,  appear  to  reflect  the  degree  of  nor- 
malcy of  the  structure  of  the  covalent  bond 
at  the  pseudo-FAD  junction.  However,  it  is 
difficult  to  draw  a  distinction  between  the 
homologs  when  dopamine  or  serotonin  is 
used  as  substrate,  suggesting  that  the  ob- 
served changes  in  hepatic  MAO  may  not  be 
true  of  brain  MAO.  These  findings  might  also 
be  interpreted  as  providing  some  supportive 
evidence  for  the  existence  of  more  than  one 
form  of  hepatic  MAO.  However,  the  multi- 
plicity of  species  of  MAO  is  not  accepted  by 
all  workers  in  the  field  (16)  and  for  this  reason 
it  would  be  inappropriate  to  attach  too  much 
significance  to  variations  shown  among  the 
substrates.  Most  investigators  of  MAO  be- 
lieve that  the  use  of  substrates  to  distinguish 
between  species  of  MAO  is  not  dependable 
while  some  differences  appear  to  be  demon- 
strable by  the  use  of  specific  inhibitors  such 
as  clorgyline  and  deprenyl. 

Our  findings  show  that  in  contrast  to  ob- 
servations with  SDH,  rats  utilizing  8-Et  for 
their  flavoprotein  coenzymes  lost  hepatic 
MAO  activity.  This  led  us  to  consider  means 
by  which  we  could  demonstrate  this  loss  of 
activity  in  the  whole  animal.  A  direct  test 
appeared  to  be  an  evaluation  of  the  ability  of 
the  rats  to  metabolize  the  metabolic  products 
(presumably  principally  dopamine)  from  a 
dose  of  L-DOPA  that  can  be  tolerated  by 
normal  rats  (10).  When  the  sole  flavin  avail- 
able to  the  rat  has  been  Rb,  7-Et  or  8-Et  for 
a  period  of  only  28  days,  the  animal's  weight 
will  have  increased  to  four  times  the  initial 
weight  and  the  mitochondrial  turn-over  will 
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have  completed  at  least  two  half  lives  (4).  By 
this  time,  the  rats  receiving  7-Et  and  8-Et  will 
have  had  all  ionically  bound  Rb  forms  dis- 
placed form  their  tissues  and  the  mitochon- 
drial covalently  bound  FAD  cannot  exceed 
3%  of  its  original  concentration.  When  the 
homologs  have  been  fed  for  56  days,  ribo- 
flavin is  no  longer  detectable  in  the  tissues. 
In  contrast  to  this,  rats  maintained  on  a  ribo- 
flavin-deficient  diet  usually  do  not  double 
their  weight  with  the  end  result  that  after  28 
days  the  residual  total  body  Rb  is  present  at 
approximately  55%  of  its  original  concentra- 
tion (17).  When  the  flavin  available  to  the 
rats  for  28  days  has  been  8-Et,  they  could  not 
survive  the  administration  of  L-DOPA,  while 
the  rats  receiving  riboflavin  did,  and  further, 
those  receiving  no  flavin  or  7-Et  also  survived 
in  spite  of  the  severe  depression  of  MAO 
activity  in  the  latter  two  cases.  This  raises  an 
interesting  paradox.  When  dopamine  was 
used  as  substrate,  the  MAO  activities  of  rats 
fed  either  of  the  two  homologs  appeared  to 
be  approximately  the  same  (Table  I).  Yet  the 
product  of  the  metabolism  of  L-DOPA  (pre- 
sumably dopamine)  could  not  be  tolerated  by 
the  rats  utilizing  8-Et  but  could  be  tolerated 
by  those  utilizing  7-Et.  These  observations 
warrant  an  investigation  of  the  influence  of 
these  homologs  on  brain  MAO  activity.  How- 
ever, other  amine  oxidizing  systems  may  be 
involved  in  these  differences.  These  findings 
also  suggest  that  hepatic  MAO  activity  is  not 
essential  for  the  survival  of  the  unstressed 
laboratory  rat. 

Our  observations  that  7-Et  supports  mod- 
erate MAO  activity  while  8-Et  supports  vir- 
tually none  when  kynuramine  and  possibly 
tryptamine  and  tyramine  are  used  as  sub- 
strates is  in  sharp  contrast  to  our  findings 
relative  to  SDH.  In  the  latter  case,  7-Et  sup- 
ports only  very  low  SDH  activity  while  8-Et 
supports  appreciable  activity.  There  can  be 
no  doubt  that  the  homologs  are  bound  to 
SDH  since  the  rats  utilizing  them  are,  as  cited 
before,  indistinguishable  from  those  using 
riboflavin.  These  findings  might  be  inter- 
preted as  suggestive  of  the  possibility  for  the 
8a  methyl  binding  to  the  N-3  of  histidine  and 
the  -S-  of  cysteine  while  the  a-carbon  of  the 
ethyl  group  can  bind  to  the  N-3  on  histidine 
only.  Yeasts  also  possess  SDH.  Based  on  the 
use  of  samples  of  the  homologs  provided  by 
us,  it  has  been  reported  that  the  homologs  are 


bound  to  the  SDH  of  the  mitochondria  of  2 
riboflavinless  mutant  of  Saccharomyces  cer 
evisiae  (IS),  However,  the  apparent  nonessen 
tiality  of  hepatic  MAO  activity  for  the  labo 
ratory  rat  leaves  some  uncertainty  conceminj 
the  binding  of  8-Et  to  the  hepatic  enzyme 
Clearly  7-Et  is  covalently  linked  to  MAO 
however,  the  loss  of  MAO  activity  when  8-B 
is  utilized  might  be  due  to  failure  of  th< 
homolog  to  bind  or,  if  the  bond  is  established 
failure  of  the  holoenzyme  to  be  catalyticall] 
active. 

The  binding  of  these  two  homologs  to  SDH 
and  MAO  and  the  influence  of  these  homo- 
logs  on  brain  mitochondria  are  under  inves- 
tigation in  our  laboratory  at  present. 

Summary,  When  7-methyl-8-ethyl-10-(r 
D-ribityl)isoalloxazine  (7-methyl-8-ethyl- 
flavin  or  8-Et)  is  utilized  in  place  of  riboflaviii 
in  rat  tissues,  its  coenzyme  fimction  for  he- 
patic MAO'  is  so  low  that  enzyme  activity  is 
virtually  eliminated.  The  present  evidence 
suggests  that  8-Et  cannot  be  covalently  bound 
to  the  enzyme.  The  absence  of  hepatic  MAO 
activity  when  8-Et  is  utilized  is  confirmed  by 
the  inability  of  rats  using  this  flavin  to  survive 
the  stress  of  administered  L-DOPA.  The  use 
of  7-ethyl-8-methyH(Kr-D-ribityl)isoallox- 
azine  (7-ethyl-8-methylflavin  or  7-Et)  causes 
a  severe  decrease  in  hepatic  MAO,  however, 
the  activity  of  the  enzyme  is  great  enough  to 
provide  evidence  that  7-Et  is  covalently 
bound  to  the  enzyme.  Rats  utilizing  7-Et  as 
well  as  riboflavin-deficient  rats  are  able  to 
survive  the  stress  of  administered  l-DOPA. 
Hepatic  MAO  may  not  be  an  essential  en- 
zyme for  survival  of  the  laboratory  rat. 

The  authors  wish  to  express  their  sincere  appredatioo 
to  Dr.  R.  W.  Von  KorfT  for  discussion  concerning  MAO 
and  the  use  of  his  laboratory  for  some  of  the  work 
reported  here,  to  Dr.  Paul  D.  Thut  for  suggesting  the  use 
of  L-DOPA  and  to  Mrs.  Kyoung  S.  Sim  for  tedmicil 
assistance  in  some  of  these  studies. 
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Like  endotoxin,  group  A  streptococcal  pyr- 
ogenic exotoxins  (SPE)  produce  fever  when 
given  iv  into  rabbits  (1-4).  Other  biological 
properties  associated  with  the  three  antigeni- 
caliy  distinct  SPE  types,  designated  A,  B,  and 
C,  include:  enhancement  of  the  susceptibility 
of  rabbits,  mice,  and  monkeys  to  lethal  endo- 
toxin shock  (2,  5,  6);  alteration  of  reticuloen- 
dothelial function  (7,  8)  and  the  antibody 
response  to  sheep  erythrocytes  in  rabbits  and 
mice  (9-12).  These  important  biological 
properties  have  been  reviewed  (13). 

Administration  of  pyrogens,  such  as  endo- 
toxin, lipid  A,  or  endogenous  pyrogen,  either 
into  the  hypothalamus  or  intravenously  pro- 
duces fever  which  can  be  inhibited  by  the 
antipyretics  indomethacin  and  acetylsalicyl- 
ate  (14-21).  These  antipyretic  agents  have 
been  shown  to  inhibit  the  synthesis,  and 
therefore,  subsequent  release  of  prostaglan- 
dins (22).  Prostaglandins  of  the  E  series,  par- 
ticularly PGEi  and  PGE2,  have  been  shown 
to  elevate  body  temperature  in  rabbits  and 
have  been  implicated  as  hypothalamic  media- 
tors of  fever  (14,  20,  21).  Other  studies  have 
shown  that  indomethacin,  if  given  before 
endotoxin,  can  either  abolish  or  delay  char- 
acteristics associated  with  endotoxin  shock 
(23,24). 

The  antipyretic  effect  of  cortisone  also  may 
involve  prostaglandins  since  cortisone  has 
been  shown  to  interfere  with  prostaglandin 
release  (25).  In  addition,  cortisone  may  pre- 
vent fever  by  inhibiting  the  release  of  endog- 
enous pyrogen  from  leukocytes  (26-30). 

This  study  was  undertaken  to  determine 
the  effects  of  the  antipyretics  indomethacin, 
acetylsaiicylate,  and  cortisone  on  the  fever 
response  of  rabbits  to  SPE  type  C  and  on  the 
ability  of  SPE  type  C  to  enhance  susceptibil- 
ity to  lethal  endotoxin  shock. 

Materials  and  methods.  Purified  prepara- 
tions of  SPE  type  C,  containing  25%  hyalu- 
ronic acid  as  a  stabilizing  agent,  were  made 
as  described  previously  (1,  2,  4).  The  mini- 


mum dose  of  toxin  given  iv  to  produce  an 
average  fever  response  of  0.5^  at  4  hr  post- 
injection  (MPD-4)  was  approximately  l.( 
/igAg  rabbit  body  weight.  Doses  of  toxii 
used  were  20  MPD-4Ag  (20  Mg/kg).  Toxii 
concentrations  were  determined  using  th( 
microbiuret  protein  assay  described  by  Za 
menhof  (31). 

Biological  assays.  Solutions  of  SPE  wen 
prepared  in  sterile  pyrogen-free  phosphate 
buffered  saline  (0.005  M  phosphate  buffer 
pH  7.0,  plus  0.15  M  NaCl)  for  aU  biologioy 
assays.  American  Dutch  rabbits  1.0-1.5  k{ 
were  used  to  determine  pyrogenicity  and  en- 
hanced susceptibility  to  lethal  endotoxin 
shock  (2).  Pyrogenicity  was  measured  as  dt- 
scribed  previously  (2).  The  average  starting 
temperatures  of  the  rabbits  ranged  from  37.6 
to  38.1**  with  mean  differences  of  0  to  0.3' 
between  groups  in  an  experiment.  Enhanced 
susceptibility  to  endotoxin  shock  was  mea- 
sured by  giving  an  iv  injection  of  25  /xgAg  of 
endotoxin  (Salmonella  typhimurium)  4  hr 
afler  SPE  injection.  The  LD50  of  endotoxin 
for  normal  rabbits  was  535  /xgAg  (1). 

Drugs,  Indomethacin  was  generously  pro- 
vided by  Merck,  Sharp  and  Dohme  (Merck 
and  Co.,  Inc.,  West  Point,  PA)  and  suspended 
in  phosphate-buffered  saline  (PBS)  at  a  con- 
centration of  25  mg/ml.  AcetylsalicyUc  add 
was  purchased  from  Sigma  Chemical  Co.,  St. 
Louis,  MO.  The  acetylsalicylic  add  (8  g  in  20 
ml  PBS)  was  neutralized  by  adding  8  M 
sodium  hydroxide  and  the  volume  adjusted 
to  40  ml  with  PBS.  Cortisone  was  obtained 
from  The  Upjohn  Co.,  Kalamazoo,  MI. 

Statistical  analyses.  The  difference  in  mean 
fever  responses  between  groups  was  evalu- 
ated at  the  4  hr  time  point  or  1  hr  afler  dnig 
injection,  using  Student's  /  test  analysis.  The 
variability  in  fever  responses  is  indicated  by 
±  SEM.  Statistical  analyses  were  perfomied 
only  at  the  4-hr  time  point  or  1  hr  after 
injection  of  antipyretic  agent. 

Results,  Figure  1  shows  the  effect  on  pyr- 
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enicity  of  treating  rabbits  with  indometh- 
in  (25  mg/kg  body  weight)  immediately 
fore  administration  of  SPE  type  C. 
hereas  control  rabbits  showed  an  average 
/cr  response  of  1.1°  at  4  hr,  no  average 
/er  response  was  obtained  for  the  indo- 
Bthacin-treated  rabbits  (P  <  0.001).  Pre- 
^atment  of  rabbits  with  indomethacin,  how- 
er,  did  not  prevent  enhancement  of  lethal 
dotoxin  shock  by  SPE  type  C  (Fig.  1).  For 
B  groups,  either  four  of  five  or  five  of  five 
bbits  died  less  than  8  hr  after  treatment 
th  endotoxin. 

When  indomethacin  (25  mg/kg  body 
;ight)  was  given  near  the  time  of  highest 
/er  response,  again  the  fever  was  reduced 
ig.  2).  A  drop  in  average  fever  response  of 
1°  in  less  than  1  hr  was  obtained  (P  < 
)05). 

Administration  of  acetylsalicylate  (200 
j/kg)  before  giving  SPE  type  C  (Fig.  3) 
\o  effectively  prevented  the  fever  response 
<  0.005).  However,  as  observed  with  in- 
methacin  treatment  of  animals,  acetylsali- 
late  did  not  protect  against  enhanced  sus- 


FiG.  1.  The  effect  of  indomethacin  pretreatment  of 
»bits  (25  mg/kg)  on  SPE  type  C  fever  production  and 
lity  to  enhance  lethal  endotoxin  shock.  Phosphate- 
fTered  saline  followed  by  SPE  type  C  (O);  indometh- 
n  followed  by  SPE  type  C  (•).  Doses  of  SPE  type  C 
re  20  Mg/kg-  Salmonella  typhimurium  endotoxin  (25 
leg)  was  given  to  all  rabbits  at  4-hr  time  point.  Bars 
licate  ±  1  SE.  Numbers  in  brackets  are  number  of  the 
t  rabbits  in  each  group  that  died  when  given  endo- 
in. 


2  3 

HOURS 

Fio.  2.  Alteration  of  SPE  type  C  induced  fever  re- 
sponse in  rabbits  by  indomethacin  (25  mgAg).  SPE  type 
C  followed  by  phosphate-buffeied  saline  given  at  4  hr 
(O);  SPE  type  C  followed  by  indomethacin  given  at  4  hr 
(•).  Doses  of  SPE  type  C  were  20  MgAg-  Bars  indicate 
±1SE. 


2 

HOURS 
Fig.  3.  The  effect  of  acetylsalicylate  pretreatment  of 
rabbits  (200  mg/kg)  on  SPE  type  C  fever  production  and 
ability  to  enhance  lethal  endotoxin  shock.  Phosphate- 
buffered  saline  followed  by  SPE  type  C  (O);  acetylsali- 
cylate followed  by  SPE  type  C  (•).  Doses  of  SPE  type  C 
were  20  Mg/kg-  Salmonella  typhimurium  endotoxin  (25 
Mg/kg)  was  given  to  all  rabbits  at  4  hr  time  point.  Bars 
indicate  ±  1  SE.  Numbers  in  brackets  are  number  of  the 
five  rabbits  in  each  group  that  died  when  given  endo- 
toxin. 

ceptibility  to  lethal  endotoxin  shock.  Four  of 
five  rabbits  died  in  the  control  group,  and 
five  of  five  rabbits  died  in  the  acetylsalicylate- 
treated  group.  The  fever  response  induced  by 
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SPE  type  C  was  reduced  by  giving  acetylsal- 
icylate  (200  mg/kg)  near  the  time  of  maxi- 
mum fever  response  (Fig.  4).  A  drop  in  tem- 
perature of  0.9°  in  1  hr  was  obtained  (P  < 
0.005). 

Treatment  of  rabbits  on  each  of  3  days 
prior  to  toxin  with  5  mg/kg  cortisone  and 
again  2  hr  before  giving  toxin  depressed  fever 
production  by  SPE  type  C  (Fig.  5)  (P  < 
0.005).  Again,  cortisone  did  not  protect  the 
rabbits  from  enhanced  susceptibility  to  lethal 
endotoxin  shock  (Fig.  5).  In  both  groups  four 
of  five  rabbits  died. 

Discussion.  Several  studies  have  implicated 
prostaglandin  involvement  in  fever  produc- 
tion by  endotoxin.  Lipid  A,  or  endogenous 
pyrogen  (14-21).  The  prostaglandin  involve- 
ment is  based  on  the  observations  that  the 
antipyretics  indomethacin  and  acetylsalicy- 
late,  which  inhibit  prostaglandin  synthetase, 
inhibit  fever  production.  In  the  present  study, 
these  antipyretics  also  inhibited  fever  produc- 
tion by  SPE  type  C,  suggesting  SPE-induced 
fever  may  require  prostaglandin  synthesis. 
Continuous  synthesis  and  release  of  prosta- 
glandin may  be  necessary  to  maintain  SPE- 
induced  fever  since  administration  of  anti- 
pyretics during  fever  also  depressed  the  fever 
response. 

Previously,  it  has  been  suggested  that  cor- 
tisone may  inhibit  fever  production  by  inter- 
fering with  the  release  of  endogenous  pyrogen 


HOURS 


Fio.  4.  Alteration  of  SPE  type  C  induced  fever  re- 
sponse in  rabbits  by  aoetylsalicylate  (200  mgAg).  SPE 
type  C  (20  /ig/kg)  followed  by  phosphate-bufTeied  saline 
given  at  4  hr  (O);  SPE  type  C  followed  by  acctylsalicylate 
given  at  4  hr  (•).  Bars  indicate  ±  I  SE. 
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HOURS 

Fio.  5.  The  effect  of  cortisone  pretreatment  of  rab- 
biu  on  SPE  type  C  fever  production  and  ability  to 
enhance  lethal  endotoxin  shock.  Rabbits  given  20^ig/kg 
of  SPE  type  C  (O);  schedule  of  oortiaoiie  pcetreatmeat 
was:  day  (-3)  5  mg/rabbit;  day  (-2)  5  mg/rabbit;  dty 
(-1)  5  mg/rabbit;  day  (0)  S  mg  2  hr  before  SPE  type  C 
Rabbits  pretreated  with  cortisone  and  then  given  SPE 
type  C  (•).  SalmoneHa  typhimurium  endotoxin  (25 
/ig/kg)  was  given  to  all  rabbits  at  4  hr  time  poiot; 
numbers  in  brackets  are  the  numbers  of  the  rabbits  in 
each  group  that  died  when  given  endotoxin.  Bars  indictie 
±1SE. 

from  leukocytes  (26-28).  The  fever  repose 
of  rabbits  to  endogenous  pyrogen  is  charac- 
terized by  a  1-2  hr  maximum  (29,  30),  whik 
SPE  type  C  typically  produces  a  gradual  rise 
in  fever  which  peaks  near  4  hr.  Therefore, 
SPE  may  produce  fever  through  a  mechanism 
other  than  endogenous  pyrogen.  It  is  possible 
that  cortisone  inhibited  fever  production  by 
SPE  type  C  through  blocking  the  release  of 
prosta^Umdin  as  suggested  by  a  |»tvious 
study  (2S)  rather  than  by  blocking  endog^ 
nous  pyrogen  release.  It  cannot  be  dis- 
counted, however,  that  SPE  type  C  ads 
slowly  on  leukocytes  to  induce  the  release  of 
endogenous  pyrogen,  resulting  in  the  4  hi 
maximum. 

A  biologically  important  property  of  the 
SPE  is  their  ability  to  enhance  the  suscepti- 
bility of  animals  to  lethal  endotoxin  shock  (S, 
6).  The  mechanism  underlying  this  ptofctt^ 
remains  unclear.  It  may,  however,  be  sepa- 
rable from  fever  production  since  abolishinj 
fever  with  antipyretics  did  not  prevent  the 
enhancement  phenomenon;  control  and  ex- 
perimental rabbits  died  at  similar  rates  and 
numbers.  Further  experiments  using  SPE 
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C  and  endotoxin  doses  closer  to  the  LD50 
1  to  be  done  to  assess  fully  the  role  of 
taglandins  in  the  enhancement  phenom- 
I  and  to  assess  the  ability  of  antipyretics 
lodify  the  enhanced  susceptibility  to  le- 
endotoxin  shock  as  previously  observed 
1  endotoxin  in  the  absence  of  SPE  (23, 

nmmary.  The  fever  response  of  rabbits  to 
ip  A  streptococcal  pyrogenic  exotoxin 
1)  type  C  was  effectively  reduced  by  prc- 
tment  of  the  animals  with  the  antipyretics, 
^methacin  (25  mg/kg)>  acetylsalicylate 
mg/kg)»  and  cortisone  (5  mg  on  each  of 
e  preceding  days  and  2  hr  before  given 
).  Indomethacin  and  acetylsalicylate  also 
ificantly  reduced  the  fever  response  of 
>its  to  SPE  type  C  if  given  near  the  time 
laximum  fever  response  (4  hr  after  SPE). 
e  of  the  antipyretic  agents  protected  the 
nts  from  SPE*s  capacity  to  enhance  sus- 
ibility  to  lethal  endotoxin  shock. 
Iiese  data  suggest  that  SPE  fever  produc- 
required  prostaglandin  synthesis,  proba- 
PGEi  or  PGE2,  and  that  the  mechanism 
ver  production  by  SPE  may  be  different 
I  the  mechanism  underlying  the  enhance- 
t  of  lethal  endotoxin  shock.  Studies  are 
ently  being  done  to  elucidate  further  the 
banisms  of  fever  production  and  en- 
:ement  of  lethal  endotoxin  shock  by  SPE. 
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Nutt  and  Jasinski  (1)  observed  that  admin- 
istration of  the  morphine  analog,  oxilorphan, 
produced  hypotonic  polyuria  in  a  group  of 
heroin  addicts.  More  recently  Miller  (2)  re- 
ported that  oxilorphan  has  a  similar  effect  in 
Brattleboro  rats  heterozygous  for  the  diabetes 
insipidus  trait.  He  showed  further  that  butor- 
phanol,  another  morphine  analog,  was  even 
more  potent  in  causing  polyuria  in  these  rats. 
Both  these  investigators  concluded  that  the 
analogs  caused  polyuria  by  inhibiting  the 
release  of  the  antidiuretic  hormone  (ADH) 
from  the  pituitary  gland.  Although  it  is  well 
establish^  that  ADH  and  oxytocin  (OT)  can 
be  released  independently  (3, 4)  of  each  other, 
the  cells  producing  these  hormones  are  ana- 
tomically similar  and  closely  associated.  We 
thus  thought  it  would  be  of  interest  to  inves- 
tigate how  these  two  morphine  analogs  might 
affect  release  of  OT  in  response  to  the  phys- 
iological stimulus  of  suckling. 

Materials  and  methods.  All  experiments 
were  performed  on  Swiss  Webster  mice  be- 
tween the  1 1th  and  22nd  day  of  lactation. 
After  the  babies  were  bom  they  were  kept 
undisturbed  for  10  days.  On  day  1 1  of  lacta- 
tion mothers  were  separated  at  about  10:00 
AM  and  were  reunited  with  their  babies  4  hr 
later.  They  were  then  allowed  to  nurse  their 
young  for  1  hr.  Babies  were  weighed  just 
before  and  at  the  end  of  this  hour  of  suckUng. 
The  difference  of  weight  between  the  first 
and  second  weighings  was  assumed  to  be  due 
to  milk  yield  and  was  designated  as  ^'initial 
milk  yield*'.  All  mothers  then  received  an  ip 
injection  of  0.2S  U  of  OT  and  were  put  back 
with  their  babies  for  another  ¥i  hr  of  nursing. 
Babies  were  weighed  again  and  the  difference 
of  weight  between  the  second  and  third 
weighings  was  designated  as  the  "residual 
milk  yield*'.  Babies  were  left  with  their 
mother  overnight  and  separated  the  following 
morning.  The  same  schedule  was  followed 
every  day.  On  day  1  of  experimentation 
mothers  showed  restlessness  for  about  half  an 
hour  and  they  did  not  always  provide  a  good 


initial  milk  yield.  From  day  2  on  they  seemec 
to  be  better  adjusted  to  the  experimental  ma 
nipulations.  Tlius  we  always  discarded  tb 
first  day's  results  and  the  reported  experi 
ments  were  continued  from  day  2  for  10  days 
In  these  experiments  we  did  not  cut  dowi 
litter  size  to  equal  numbers  but,  instead,  ex 
pressed  the  milk  yield  as  g/100  g  body  weighi 
of  the  litter. 

Animals  were  divided  in  groups  aooordin{ 
to  the  design  of  the  experiment.  To  avoid 
repetition  of  drug  administration  for  two  con- 
secutive days  to  the  same  mice  we  altered  the 
sequence  of  injection,  i.e.  the  group  which 
served  as  control  on  day  1  received  butor- 
phanol  the  next  day  and  the  group  whidi 
received  butorphanol  on  day  1  received  oxi- 
lorphan the  next  day  and  so  on. 

Butorphanol,  oxUorphan  and  morphine 
were  always  freshly  diluted  in  isotonic  saline 
and  usually  injected  subcutaneously  (s.c.)  to 
the  mother  immediately  before  the  I  hr  suck- 
ling period.  In  one  set  of  experiments  with 
butorphanol  the  drug  was  injected  at  different 
times  to  determine  the  best  time  for  produc- 
ing maximum  inhibition.  Control  animals 
were  injected  with  saline.  Naloxone  solutions 
were  also  made  freshly  every  day  and  in- 
jected s.c.  immediately  before  the  1  hr  suck- 
ling period.  An  exception  was  the  group 
which  received  both  nidoxone  and  morphine, 
where  naloxone  was  given  10  min  before 
morphine.  Oxytocin,  0.2S  U  was  injected  in- 
traperitoneally  at  the  end  of  the  I  hr  suckling 
period. 

Butorphanol  and  oxilorphan  are  two  newly 
synthesized  morphine  analogs.  Their  struc- 
tures are  given  in  Fig.  1.  For  comparison, 
structures  of  morphine  and  naloxone  are  also 
given.  Naloxone,  butorphanol  and  oxilor- 
phan differ  from  morphine  mainly  by  pos- 
sessing a  hydroxyl  group  at  the  14  position. 
Butorphanol  and  oxilorphan  can  be  fiiUy  syn- 
thesized whereas  naloxone  must  be  derived 
from  thebaine,  a  natural  alkaloid,  as  starting 
material. 
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»hanol  and  oxilorphan  were  gifts 
istol  Laboratories,  Syracuse,  N.Y. 
t  was  a  gift  from  Endo  Lab,  Inc., 
City,  N.Y.  Oxytocin  (Syntocinon) 
|ft  from  Sandoz  Pharmaceuticals, 
e  sulphate  was  purchased  from 
id  Co.,  Inc. 

\  Figure  2  illustrates  the  eflfects  of 
nol  and  oxilorphan  on  initial  milk 
th  butorphanol  and  oxilorphan  in- 
itial milk  yield  although  the  former 

to  be  a  much  more  potent  inhibitor, 
lermine  whether  the  reduced  milk 

the  presence  of  butorphanol  and 
m  might  reflect  a  reduction  of  milk 
ammary  gland,  0.2S  U  OT  was  in- 
traperitoneally  in  all  mice,  treated 
rol,  after  the  initial  1  hr  milk  yield 
i'able  I  shows  the  total  milk  yield, 
d  plus  residual.  Total  milk  yield  in 
nol  and  oxilorphan-treated  mice 
iss  and  actually  a  Uttle  more  than  in 
lice.  Thus  the  reduced  milk  yield  in 
^nce  of  the  drugs  is  not  due  to  a 
I  of  milk  in  the  gland  but  is  more 
e  to  inhibition  of  milk  ejection  me- 

OT. 

1  out  the  time  of  injection  needed  to 
laximum  inhibition  of  initial  milk 

injected  10  mg/kg  doses  of  butor- 
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Structures  of  oxilorphan  and  butorphanol 
irith  those  of  morphine  and  naloxone. 


phanol  at  0,  30,  60  and  120  min  before  the 
suckling  period.  The  result  is  illustrated  in 
Fig.  3.  Maximum  inhibition  of  85%  was  ob- 
tained when  butorphanol  was  injected  im- 
mediately before  suckling.  Little  more  than 
50%  inhibition  was  observed  when  the  drug 
was  injected  30  min  before  and  only  20% 
inhibition  when  given  120  min  before  the 
onset  of  suckling. 

Pharmacological  studies  on  oxilorphan  and 
butorphanol  clearly  demonstrate  that  both 
drugs  possess  a  mixture  of  analgesic  and  an- 
tagonistic properties  (5,  6).  To  determine 
whether  the  analgesic  or  the  antagonistic 
property  of  these  drugs  was  responsible  for 
the  inhibition  of  OT  release,  we  tested  the 
effects  of  morphine,  a  purer  agonist,  and  of 
naloxone,  a  purer  antagonist,  on  OT  release. 
The  results  of  such  experiments  are  given  in 
Fig.  4.  Naloxone  at  a  dose  of  5  mg  and  10 
mg/kg  did  not  inhibit  initial  milk  yield.  How- 
ever almost  95%  inhibition  was  observed 
when  mice  were  given  10  mg/kg  of  morphine. 
Thus  morphine  inhibited  initial  milk  yield  as 
much  as  or  even  more  than  butorphanol.  If 
this  inhibitory  eflfect  of  morphine  was  a  spe- 
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Fig.  2.  Effects  of  butorphanol  and  oxilorphan  on 
initial  milk  yield.  Initial  milk  yield  was  calculated  as 
described  in  Methods.  Butrophanol  and  oxilorphan  were 
injected  subcutaneously  immediately  before  the  1  hr 
suckling  period.  One  hundred  percent  milk  yield  of 
control  ranged  from  1.14-S.03  g  with  a  mean  of  2.92  ± 
0.15. 


TABLE  I.  Effects  of  Butorphanol  and  Oxilorphan  on  Total  Milk  Yield. 


)1(I0)" 

>hanol  (6)  S  mg/kg 

>hanol  (6)  10  mg/kg 


Total  milk  yield  (g/100  g  body  weight) 


2.40  ±  0.29* 
2.88  ±  0.46 
2.94  ±  0.44 


control  (12) 

oxilorphan  (5)  10  mg/kg 
oxilorphan  (14)  IS  mg 


3.45  ±  0.50 
3.88  ±  0.68 
4.35  ±  0.69 


r  of  animals  is  given  in  parenthesis. 
:SE. 


478 


INHIBITORS  OF  OXYTOCIN  RELEASE 


n  =  6 


100 


TIME  (minutes) 

Fig.  3.  Effect  of  time  of  injection  of  butorphanol  on 
inhibition  of  initial  milk  yield.  Butorphanol  was  injected 
at  0,  30,  60  and  120  min  before  the  1  hr  suckling  period. 
Initial  milk  yield  is  expressed  as  percentage  of  total.  Dose 
of  butorphanol,  10  mg/kg  body  weight. 
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Fig.  4.  Inhibitory  effects  of  morphine  and  butor- 
phanol on  initial  milk  yield  and  their  reversal  by  nalox- 
one. In  groups  which  received  either  naloxone  or  mor- 
phine, injection  was  made  immediately  before  suckling. 
In  groups  which  received  both  naloxone  and  morphine 
or  butorphanol,  naloxone  was  injected  10-min  prior  to 
morphine  or  butorphanol.  The  capital  letters  on  the 
abscissa  represent  drugs  and  the  numbers  represent  dose 
of  the  drug  in  mg/kg  body  weight. 


of  OT  was  tested  in  anesthetized  lactating 
rats  in  a  set-up  similar  to  that  described  b^ 
Bisset  et  al  (7).  Oxytocin  was  injected  before 
and  after  subcutaneous  administration  of 
morphine  at  a  dose  of  10  mg/kg.  Figure  5 
illustrates  the  result  of  one  such  experiment 
Oxytocin  was  administered  in  a  dose  of  0.1 
mlJ,  1  min  after  and  at  5-min  intervals  up  to 
75  min  following  morphine  administration 
The  magnitude  of  milk  ejection  responses 
due  to  OT  were  not  altered  by  preinjectionof 
morphine. 

Discussion.  The  results  presented  in  this 
paper  clearly  demonstrate  that  both  butor- 
phanol and  oxilorphan  inhibit  initial  milk 
yield  in  lactating  mice.  They  also  show  that 
butorphanol  is  a  stronger  inhibitor  than  oxi- 
lorphan. 

The  finding  that  babies  were  able  to  get  a 
considerable  amount  of  milk  following  OT 
injection  indicates  that  a  lack  of  circulating 
OT  was  probably  responsible  for  the  reduced 
milk  yield  in  the  drug  treated  animals.  Thus 
the  inhibition  of  milk  yield  was  apparently 
due  to  inhibition  of  OT  release  into  the  Mood 
and  not  due  to  unresponsiveness  of  the  mam- 
mary gland  to  endogenous  OT.  Results  ob- 
tained with  lactating  rats  in  which  morphine 
failed  to  alter  oxytocin-induced  milk  ejection 
fit  nicely  with  this  view. 

The  pharmacological  studies  of  Pirdo  and 
Glyss  (5)  on  oxilorphan  and  of  Pircio  et  aL 
(6)  on  butorphanol  show  that  both  of  these 
compounds  possess  a  mixture  of  agonistic 
and  antagonistic  activities.  Butorphanol  is  a 
stronger  analgesic  while  oxilorphan  is  a 
stronger  antagonist.  Our  finding  that  mor- 


cific  effect  of  the  narcotic  it  should  be  pre- 
vented by  naloxone.  As  can  be  seen  in  Fig.  4, 
naloxone  in  a  dose  of  5  mg/kg  partially  pre- 
vented the  inhibitory  effect  of  morphine  and 
a  complete  reversal  of  morphine  inhibition 
was  achieved  by  a  dose  of  10  mg/kg.  Figure 
4  illustrates  further  that  the  higher  dose  of 
naloxone  effectively  reversed  butorphanol  in- 
duced inhibition  also. 

Experiments  were  designed  to  determine 
whether  the  inhibition  of  milk  yield  in  re- 
sponse to  morphine  was  due  to  central  inhi- 
bition of  OT  release  or  due  to  unresponsive- 
ness of  the  mammary  gland  to  endogenous 
OT.  The  response  to  intravenous  injections 
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Fig.  5.  Effect  of  subcutaneous  injection  of  morphine, 
10  mg/kg,  on  milk  ejection  response  obtained  by  0.1  mU 
OT  injected  intravenously.  FoUowing  morphine  injectioo 
OT  was  administered  1  min  after  and  at  every  5  min 
until  75  min. 
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>ut  not  naloxone,  was  a  potent  inhib- 
3T  release  explains  why  butorphanol 
tronger  inhibitor  than  oxilorphan. 
results  presented  in  this  paper,  how- 
3  not  shed  any  light  on  how  oxytocin 
is  inhibited  by  the  agonist  drugs.  We 
rom  the  classical  work  of  Douglas  (8) 
Douglas  and  Poisner  (9)  with  isolated 
y  glands  that  Ca^"*"  is  extremely  im- 

for  the  release  of  posterior  pituitary 
les.  Thus  a  certain  amount  of  Ca^'*' 
e  present  in  order  to  have  successful 
le  release.  Althoudi  moiphine  has 
iported  to  lower  Ca^"*"  in  different  re- 
f  brain,  particularly  in  the  hypothala- 
0),  it  is  unlikely  that  the  local  Ca^^ 
/ould  ever  be  low  enough  to  interfere 
r  release. 

s  been  reported  by  several  investiga- 
1-1 S)  that  morphine  releases  ADH. 
er,  the  mechanism  of  such  release  is 
ir.  According  to  Schmidt  and  Living- 
S),  the  antidiuretic  action  of  morphine 
;ast  partly  due  to  its  cardiovascular 

On  the  other  hand,  morphine  has 
ported  to  release  catecholamines  from 
>othalamus  both  in  rats  (17)  and  mice 
nee  there  are  several  lines  of  evidence 
techolamines  cause  release  of  ADH 
I  it  is  possible  that  the  release  of  ADH 
phine  is  an  indirect  one  via  the  release 
:holainines. 

s  (21),  in  his  elegant  experiments  on 
»  showed  how  catecholamines  can 
)T  release  centrally.  Activation  of  the 
heticoadrenal  system  causing  release 
ephrine  or  norepinephrine  was  suffi- 
>  block  OT  release.  More  recently  he 
I  that  norepinephrine  causes  inhibition 
g  rates  when  applied  iontophoretically 
ell  bodies  of  the  paraventricular  nuclei 
bus  it  is  possible,  in  the  experiments 
d  here,  tluit  the  observed  inhibition  of 
sase  by  morphine  is  due  to  the  release 
:holainines. 

tever  may  be  the  exact  mechanism  of 
on  it  is  certain  that  the  inhibitory  ef- 
f  morphine  and  butorphanol  are  spe- 
les  since  they  are  completely  blocked 
njection  of  a  proper  amount  of  nalox- 
may  be  noted  that  the  dose  of  nalox- 
;.,  10  mg/kg,  needed  to  achieve  com- 
lockade  of  morphine  inhibition  is  sig- 


nificantly higher  than  the  blocking  dose  re- 
ported by  Markowitz  et  al  (23).  In  their 
experiment  0. 1  mgAg  naloxone  could  block 
the  analgesic  eflfect  of  10  mg/kg  morphine. 
However,  it  is  hard  to  compare  analgesic 
effects  of  morphine  to  its  other  effects  since 
varying  amounts  of  naloxone  are  needed  to 
block  analgesia  when  this  is  assessed  by  dif- 
ferent methods. 

This  paper  presents  clear  evidence  of  a  new 
effect  of  morphine  which  was  hitherto  un- 
known. Inhibition  of  oxytocin  release  by  mor- 
phine raises  the  questions  whether  endor- 
phins, which  have  morphine-like  properties, 
will  also  inhibit  OT  release  and  whether  en- 
dorphins may  participate  in  the  physiological 
regulation  of  OT  release. 

Summary.  Two  synthetic  morphine  ana- 
logs, butorphanol  and  oxilorphan  have  been 
found  to  inhibit  suckling  induced  oxytocin 
(OT)  release  in  lactating  mice.  Morphine 
when  tested  in  a  similar  experimental  set-up 
produced  even  greater  inhibition.  Naloxone 
could  effectively  block  inhibitions  induced 
both  by  butorphanol  and  by  morphine.  When 
injected  alone,  naloxone  did  not  produce  any 
inhibition.  These  results  indicate  that  (a)  bu- 
torphanol, oxilorphan  and  morphine  inhibit 
suckling  induced  OT  release  in  mice,  (b)  the 
analgesic  property  of  these  compounds  is  re- 
sponsible for  the  inhibition,  and  (c)  inhibition 
produced  by  morphine  and  butorphanol  is 
specific  in  nature  since  it  could  be  reversed 
by  naloxone. 


The  authors  wish  to  thank  Becky  Wo  for  her  excellent 
technical  assistance.  Thanks  are  also  extended  to  Dr. 
Frank  S.  Caruso  of  Bristol  Laboratories  for  a  generous 
supply  of  butorphanol  and  oxilorphan.  This  work  was 
supported  by  Research  Grant  No.  AM  01940  from  the 
NIAMDD. 


1.  Nutt,  J.  G.,  and  Jasinski,  D.  R.,  Clin.  Pharmacol. 
Ther.  15,361(1974). 

2.  MiUer,  M.,  Neuroendocrinology  19,  241  (1975). 

3.  Haldar,  J.,  J.  Physiol.  20^  723  (1970). 

4.  Bisset,  G.  W.,  Clark,  B.  J.,  and  Haldar,  J.,  J.  Physiol. 
206.711(1970). 

5.  Pircio,  A.  W.,  and  Gylys,  J.  A.»  J.  Pharmacol.  Exp. 
Ther.  193,23(1975). 

6.  Pircio,  A.  W..  Gylys,  J.  A.,  Cavanagh,  R.  L.,  Buyn- 
iski,  J.  P.,  and  Bierwagen,  M.  E.,  Arch.  Int.  Phar- 
macodyn.  220, 230  (1976). 


480 


INHIBITORS  OF  OXYTOCIN  RELEASE 


7.  Bisset,  G.  W..  Clark,  B.  J.,  Haldar,  J.,  Harris,  M.  C, 
Lewis,  G.  P.,  and  Rocha  e  Silva,  M.,  Brit.  J.  Phar- 
macol 31,  537  (l%7). 

8.  Etouglas,  W.  W.,  Nature  (London)  1^7,  81  (1963). 

9.  Douglas,  W.  W.,  and  Poisncr,  A.  M.,  J.  Physiol.  172, 
1  (1964). 

10.  Cardenas,  H.  L.,  and  Ross,  D.  H.,  J.  Neurochem.  24, 
487  (1975). 

11.  Inturrisi,  C.  E.,  and  Fujimoto,  J.  M.,  Eur.  J.  Phar- 
macol. 2,  301  (1968). 

12.  Giarman,  N.  J.,  and  Condouris,  G.  A.,  Arch.  Int. 
Pharmaoodyn.  Ther.  97, 28  (1954). 

13.  Duke,  H.  N.,  Pickford,  M.,  and  Watt,  J.  A.,  Quart. 
J.  exp.  Physiol.  36,  149  (1951). 

14.  Dc  Bodo,  R.  C,  J.  Pharmac.  Exp.  Ther.  82,  74 
(1944). 

15.  Schneiden,  H.,  and  Blackmore,  E.  K.,  Brit.  J.  Phar- 
macol. 10, 45  (1955). 


16.  Schmidt,  C.  F.,  and  Livingston,  A.  E.,  J.  Pharmacol 
Exp.  Thcrap.  47, 41 1(1933). 

17.  de  Wied,  D.,  Van  Rees,  J.  M.,  and  de  Joog,  W.,  m 
'^Narcotics  and  Hypothalamus**  (£.  Zinunermann 
and  R.  George,  eds.),  p.  25 1 .  Raven  Press,  New  Yod 
(1974). 

18.  Rethy.  C.  R.,  Smith,  C.  B.,  and  Villarreal,  J.  E.  J 
Pharmacol.  Exp.  Ther.  176. 472  (1971). 

19.  Giere,  F.  A.,  and  Eversole,  W.  J.,  Science  120. 395 
(1954). 

20.  Vandeputte-van  Messom,  G.,  and  Peeters,  G^  Ardi 
Int.  Pharm.  Ther.  206, 405  ( 1973). 

21.  Cross,  B.  A.,  J.  Endocrinol.  12,  15  (1955). 

22.  Cross,  B.  A.,  Moss,  R.  L.,  and  Urban,  I.,  J.  PhysioL 
214,  28P  (1971). 

23.  Markowitz,  R.,  Jacobson,  J.,  George,  B.,  and  Kor- 
netsky,  C,  J.  Pharm.  Exp.  Ther.  199,  385  (1976). 

Received  September  6,  1977.  P.S.E.B.M.  1978,  Vol  157. 


SOINOS  OF  THE  fOCIBTY  FOR  EXPeftlMENTAL  MOUMY  AND  MBDICmB  157,  4S1-48S  (1978) 


The  Kinetics  of  Serum  Ferritin^  (40081) 


ALLEN  S.  POLLOCK,  DAVID  A.  LIPSCHITZ,  and  JAMES  D.  COOK 

shn  of  Hematology,  Department  of  Medicine  University  of  Kansas  Medical  Center,  Kansas  City,  Kansas  66103 


mtin  is  widely  distributed  in  body  tis- 
where  it  constitutes  the  major  form  of 
ige  iron.  It  was  originally  believed  that 
tin  is  normally  confined  to  intracellular 
partments.  However,  it  has  been  shown 
itly  that  minute  amounts  of  ferritin  can 
riably  be  detected  in  human  sera  by  sen- 
s  immunologic  measurements  and  that 
level  of  the  serum  ferritin  provides  an 
rate  measure  of  iron  stores  (1-5).  Com- 
d  with  the  rapid  accumulation  of  data 
rding  the  clinical  significance  of  the  se- 
ferritin,  the  physiology  of  this  parameter 
orly  understood.  The  reticuloendothelial 
im  located  in  the  liver,  spleen,  and  bone 
'ow  (RES)  appears  to  be  the  major  pre- 
3r  compartment  based  on  radioactive  la- 
ng  measurements  in  the  rat  (6)  and  clin- 
cx>rrelations  in  man  (5).  Relatively  large 
s  of  recrystallized  ferritin  in  rats  are  rap- 
cleared  by  the  hepatic  parenchymal  cell 
nd  a  rapid  clearance  has  also  been  dem- 
rated  in  man  although  the  major  site  of 
ke  was  not  identified  (8).  In  the  present 
/,  a  dog  model  was  employed  to  define 
dnetics  of  serum  ferritin.  The  eflfect  on 
tin  clearance  of  the  amount  of  material 
:ted,  its  iron  content,  and  its  method  of 
Rcation  was  studied. 

ateiials  and  methods.  Studies  were  per- 
led  in  adult  mongrel  dogs  of  either  sex 
hing  between  13  and  19  kg.  All  animals 
!  dewormed  and  kept  under  observation 
t  least  14  days  prior  to  study.  The  animals 
I  housed  in  individual  cages  and  fed  reg- 
dog  chow.  To  examine  the  eflfect  of  iron 
is  on  ferritin  clearance,  two  animals  were 
e  iron  deficient  as  determined  by  bone 
-ow  examination  after  removing  450  ml 
ood  7  and  14  days  prior  to  study. 
)r  kinetic  measurements,  animals  were 
thetized  with  iv  phenobarbital.  One  ml 

liis  investigation  was  supported  by  USPHS  Grant 
.M-1901 1  and  Contract  No.  223-76-21 12,  Food  and 
Administration. 


blood  was  drawn  prior  to  and  at  frequent 
intervals  for  at  least  30  min  following  the 
injection  of  ferritin.  The  rate  of  clearance  was 
determined  by  least  squares  regression,  as- 
suming exponential  clearance,  and  the  recov- 
ery of  injected  ferritin  was  calculated  from 
the  extrapolated  time  zero  value  and  an  esti- 
mated plasma  volume  of  35  mlAg. 

Recrystallized  ferritin  was  prepared  from 
dog  liver  by  the  method  of  M azur  and  Shorr 
(9).  Five  times  recrystallized  ferritin  was 
stored  at  4°  as  an  (NH4)2S04  precipitate. 
Prior  to  use,  aliquots  were  redissolved  in  0.2 
M  borate  buffer  and  extensively  dialyzed 
against  the  same  buflfer.  The  final  preparation 
was  chromatographed  on  Sephadex  G200 
(Pharmacia,  Upsula,  Sweden).  The  concen- 
tration of  ferritin  was  measured  by  Lowry's 
method  (10)  using  a  bovine  serum  albumin 
standard. 

To  prepare  apoferritin,  recrystallized  fer- 
ritin was  dialyzed  overnight  against  0.1  M 
acetate  buffer,  pH  5.2,  and  for  a  further  90 
min  against  the  same  buffer  containing  0. 1  M 
thioglycollic  acid.  The  colorless  solution  was 
then  dialyzed  against  repeated  changes  of 
0.05  M  acetate  buflTer,  pH  5.2,  followed  by 
deionized  water  and  finally  0.2  M  borate,  pH 
8.0  containing  0,15  M  NaCl  (borate  buffer). 

Recrystallized  ferritin  was  tagged  with  ^Fe 
by  incubating  2  mg  ferritin  in  1  ml  borate 
buflTer  with  150  /xCi  ^Fe  in  0.1  ml  1  AT  HCl 
containing  1  M  freshly  prepared  ascorbic 
acid.  The  mixture  was  incubated  at  4^  for  2 
hr  with  continuous  oxygen  agitation.  Un- 
bound ^Fe  was  removed  by  18  hr  dialysis 
against  0.1  M  EDTA  followed  by  24  hr  di- 
alysis against  borate  buflfer.  At  that  time  29% 
of  the  original  ^e  was  bound  to  ferritin  and 
of  this,  98%  was  precipitated  by  antiferritin 
antiserum.  Recrystallized  ferritin  was  iodi- 
nated  with  ^I  by  the  method  of  Hunter  and 
Greenwood  (11).  Unbound  radioiodine  was 
removed  chromatographically  with  Sephadex 
G25.  Studies  were  also  performed  with  crude 
(uncrystallized)  ferritin  prepared  from  dog 
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liver  and  spleen.  The  latter  tissues  were  ho- 
mogenized in  4  vol  cold  1  N  NaCl,  ultrason- 
icated  for  1  min,  heated  to  70®  for  10  min, 
and  centrifuged  at  25,000;  for  1  hr  at  4"". 

Serum  ferritin  levels  were  measured  by 
inmiunoradiometric  assay  (IRMA)  as  de- 
scribed by  Miles  et  al  (12).  The  characteris- 
tics of  this  assay  were  similar  to  those  previ- 
ously reported  for  human  serum  ferritin 
measurements.  In  19  normal  animals  the  geo- 
metric mean  serum  ferritin  was  24  ng/ml 
with  a  range  from  7  to  75  ng/ml  (±  1  SD 
12-47  ng/ml). 

Results.  The  clearance  of  recrystallized  dog 
ferritin  in  doses  greater  than  500  /ig  was 
determined  by  changes  in  the  serum  ferritin 
level  as  measured  by  IRMA.  A  typical  clear- 
ance curve  with  a  dose  of  5.2  mg  recrystal- 
lized ferritin  is  shown  in  Fig.  1.  The  injected 
ferritin  was  cleared  with  a  half  time  (T1/2)  of 
6.6  min  with  a  recovery  of  101%.  Following 
the  exponential  decline  of  80-90%  of  the 
injected  ferritin,  the  rate  of  clearance  slowed 
considerably,  presumably  due  to  a  return  to 
the  plasma  compartment  of  a  portion  of  the 
ferritin  cleared  initially.  In  all  remaining 
studies  clearance  rates  were  determined  from 
the  initial  linear  segment  of  the  curve. 

Effect  of  dose.  Since  the  level  of  serum 
ferritin  in  various  clinical  disorders  ranges 
from  1  to  several  1000  ng/ml,  the  effect  on 
clearance  of  the  amount  of  injected  ferritin 
was  examined.  With  doses  greater  than  400 
/Ag,  clearance  could  be  determined  from 
changes  in  the  serum  ferritin  level  as  mea- 
sured by  IRMA.  The  results  of  studies  per- 
formed with  doses  between  400  and  5,200  /ig 
recrystallized  ferritin  are  summarized  in  Ta- 
ble I.  Clearance  T1/2  was  uniformly  less  than 
10  min,  ranging  from  5.8  to  8.7  with  a  mean 
of  7.1  min.  There  was  no  apparent  relation- 
ship between  the  rate  of  clearance  and  either 
the  quantity  of  injected  ferritin  or  the  basal 
serum  ferritin  level  of  the  dog. 

Recrystallized  ferritin  labelled  with  ^^I 
was  used  to  study  the  clearance  of  a  smaller 
amount  of  injected  ferritin.  With  3  /ig  of 
labeled  ferritin,  the  clearance  T\/2  was  7.3 
min,  identical  to  the  mean  T1/2  obtained  with 
doses  100-1000  fold  higher.  In  a  fmal  study 
this  same  dose  of  ^^I  labelled  recrystallized 
ferritin  was  mixed  with  3000  /ig  unlabelled 
carrier  ferritin  prior  to  injection.  A  rapid  T\^ 
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Fig.  1.  The  clearance  of  5200  /ig  recrystallized  fer- 
ritin. The  interrupted  line  was  determined  by  least  square 
regression. 

of  6.9  min  indicated  no  effect  of  this  lOOQ- 
fold  increase  in  injected  dose. 

Ferritin  iron  clearance.  A  study  was  per- 
formed to  determine  whether  iron  contained 
in  ferritin  is  cleared  at  the  same  rate  as 
the  protein  moiety.  Ferritin  tagged  in  fitrc 
with  ^Fe  was  injected  in  an  amount  sufBdeol 
to  permit  measurement  of  protein  deaianoc 
by  IRMA  simultaneously.  In  the  first  stud) 
performed  with  1 200  /ig  recrystallized  ferntm 
the  clearance  T1/2  for  ^Fe  was  8.3  min  ai 
compared  with  7. 1  min  for  the  ferritin  {Mrotein 
(Fig.  2).  The  difference  was  not  statistical!) 
significant.  In  a  second  study  performed  witt 
700  /ig  ferritin,  similar  clearance  T1/2  vafaic! 
of  7.9  and  7.6  min  were  observed  for  "•pe  and 
ferritin  protein  respectively.  In  both  these 
studies  the  residual  plasma  ^Fe  could  be 
preciptated  with  an  excess  of  antiferritin  an- 
tiserum. 

Effect  of  iron  content.  To  determine  the 
iron  content  of  ferritin  influences  the  clear- 
ance rate  of  the  protein,  the  dearance  oi 
recrystallized  ferritin  was  measured  fdlowing 
complete  removal  of  iron  to  obtain  apofein- 
tin.  In  two  separate  studies  performed  with 
1000  and  1200  /ig  ferritin,  the  clearance  fi/s 
increased  significantly  to  23  and  16  min  I^ 
spectively  (Fig.  3A). 

Effect  ofpwr^aiion  proctdurts.  To  deter- 
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VBLE  I.  The  Rate  of  Clearance  of  Recrystallized  Hepatic  Ferritin  as  Measured  by  IRMA. 


Preinjection  serum 

Serum  ferritin  in- 

iyNo. 
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Dose  of  ferritin 
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Recovery* 

(kg) 

0«) 

(ng/mt) 

(ng/ml) 

(mm) 

(%) 

1 

26 

5200 

114 

5808 

6.6 

101 

2 

16 

3200 

118 

8818 

5.8 

154 

3 

25 

700 

20 

625 

7.0 

78 

4 

26 

650 

120 

501 

7.4 

70 

5 

16 

400 

180 

975 

8.7 

136 

ased  on  a  plasma  volume  of  35  ml Ag. 


MINUTES 

3.  2.  The  clearance  of  1200  /ig  recrystallized  fer- 
agged  with  ^Fe.  Clearance  T1/2  of  the  protein  as 
ired  by  IRMA  (#)  was  8.3  min  and  the  clearance 
e  (■)  was  7. 1  min. 

t  the  possible  efTect  of  recrystallization 
srritin  clearance,  studies  were  performed 

relatively  crude  ferritin  recovered  in  the 
ed  supernatant  of  dog  liver  or  spleen 
ogenates.  In  two  separate  studies  with 
liver  ferritin,  the  clearance  T1/2  of  3010 
2930  fig  ferritin  as  determined  by  IRMA 

35  and  18  min  respectively  (Fig.  3B). 
lar  results  were  obtained  with  1 850  fig 

1300  fig  ferritin  from  dog  spleen;  the 
ranee  T1/2  was  32  and  33  min  respectively 
.3C). 

feet  of  iron  status.  The  serum  ferritin 
[  is  roughly  proportional  to  iron  stores  in 

although  it  has  not  yet  been  determined 
ther  these  changes  are  due  to  differences 
le  entry  or  in  the  clearance  of  circulating 
tin.  The  latter  possibility  was  examined 
leasuring  the  clearance  of  recrystallized 
tin  in  phlebotomized  dogs.  In  two  studies 
clearance  T1/2  of  1200  fig  recrystallized 
tin  was  5.8  and  9  min  which  are  similar 
dues  obtained  in  iron  replete  animals. 
}scussion.  It  has  not  been  possible  to  di- 
y  measure  the  influx  of  serum  ferritin  in 


human  subjects.  However,  there  is  circum- 
stantial evidence  that  the  RES  is  the  imme- 
diate precursor  of  the  circulating  protein.  For 
example,  the  sudden  reduction  in  RES  stores 
of  iron  which  occurs  following  phlebotomy  is 
reflected  by  an  equally  precipitous  drop  in 
serum  ferritin.  In  a  wide  spectrum  of  clinical 
disorders  there  is  an  excellent  correlation  be- 
tween serum  ferritin  and  RES  stores  as  esti- 
mated directly  by  histologic  grading  of  a  bone 
marrow  aspirate  (5).  The  sudden  block  in 
transferrin  loading  of  iron  by  RES  which 
occurs  with  induced  fever  or  elective  surgery 
produces  an  appropriate  reciprocal  rise  in  the 
serum  ferritin  (13).  In  patients  with  on-going 
infection  or  inflammation,  the  serum  ferritin 
may  be  disproportionately  elevated  in  rela- 
tion to  marrow  iron  stores  although  the  cor- 
relation still  holds  (5).  More  direct  evidence 
that  the  RES  accounts  for  the  major  influx  of 
ferritin  to  serum  was  obtained  in  rats  by 
Siimes  and  coworkers  (6).  Following  the  in- 
jection of  ^Fe  tagged  red  cells  damaged  by 
heating  to  ensure  prompt  removal  by  RES, 
radioactivity  promptly  appeared  in  circulat- 
ing ferritin  within  20-40  min.  In  contrast,  no 
labelling  of  ferritin  was  observed  following 
the  administration  of  oral  radioiron  or  ^Fe 
hemoglobin-haptoglobin  which  is  removed 
by  the  hepatic  parenchymal  cell  (14).  Thus, 
while  other  tissues  might  well  contribute  to 
circulating  ferritin,  the  RES  seems  to  be  the 
major  source. 

Data  on  the  clearance  rate  and  sites  of 
tissue  uptake  of  circulating  ferritin  is  also 
limited.  It  has  been  shown  in  rats  that  recrys- 
tallized ferritin  tagged  with  ^^Fe  is  removed 
almost  exclusively  by  the  hepatic  parenchy- 
mal cell  (7).  Relatively  large  doses  above  200 
fig  are  removed  with  T1/2  of  30-40  min  (15), 
whereas  smaller  doses  below  1  fig  are  re- 
moved more  rapidly  with  a  half  time  of  less 
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Fig.  3.  The  clearance  of  apoferritin  (A),  (crude  noncrystallized)  hepatic  (B)  and  splenic  (C)  ferritin.  The  result 
of  two  separate  studies  are  shown  for  each  preparation.  In  all  cases  clearance  was  significantly  prolonged  as  oompired 
with  recrystallized  ferritin. 


than  S  min  (6).  The  only  observation  on  the 
clearance  rates  of  serum  ferritin  in  man  was 
obtained  in  newborn  infants  requiring  ex- 
change transfusions  for  hyperbilirubinemia 
(8).  Based  on  the  difference  between  the 
plasma  ferritin  of  the  transfused  blood  and  in 
the  infant  both  before  and  following  blood 
transfusion,  a  very  rapid  T1/2  between  2.5  and 
S.S  min  was  observed  in  two  infants  with 
birth  weights  above  2000  g.  In  the  infants 
with  lower  birth  weights,  below  1200  g,  slower 
clearances  of  9.1  and  34  min  were  seen.  Be- 
cause of  this  very  rapid  turnover  of  serum 
ferritin,  it  has  been  calculated  that  if  the 
circulating  protein  has  a  normal  iron  content 
of  20-23%,  the  amount  of  iron  transported 
through  the  serum  as  ferritin  each  day  could 
equal  the  daily  plasma  iron  turnover  from  the 
breakdown  of  senescent  red  cells. 

None  of  the  observations  reported  here  are 
inconsistent  with  published  data  on  serum 
ferritin  kinetics.  In  the  present  study  the 
clearance  T1/2  was  invariably  less  than  10  min 
with  doses  ranging  from  3  fig  protein  to  S.2 
mg.  This  would  suggest  that  in  this  animal 
model  clearance  of  ferritin  is  not  rate  limiting 
and  that  any  changes  in  the  circulating  level 
reflect  differences  in  the  rate  of  entry  rather 
than  the  rate  of  removal  from  the  circulation. 

It  was  also  observed  in  this  study  that 
ferritin  iron  is  not  selectively  removed  from 
the  circulating  protein  but  is  cleared  simul- 
taneously. Moreover,  because  the  serum  ra- 
dioactivity following  *®Fe  ferritin  injection 


was  precipitable  with  excess  antiferritin  anti- 
serum, there  is  not  direct  transfer  of  iron  from 
ferritin  to  transferrin.  However,  it  was  ob- 
served that  removal  of  iron  from  recrystal- 
lized ferritin  resulted  in  a  substantially  slower 
clearance  of  the  protein.  This  finding  is  of 
interest  in  light  of  recent  studies  in  man  which 
suggest  that  the  circulating  protein  contains 
no  iron  (16).  Serum  ferritin  turnover  may  be 
substantially  slower  than  that  observed  with 
recrystallized  ferritin  in  these  studies  and 
there  may  be  no  appreciable  transport  of  iron 
through  this  compartment.  Evidence  was  also 
obtained  in  this  study  that  the  method  of 
purifying  ferritin  may  significantly  influence 
its  rate  of  clearance.  It  is  now  luiown  that 
both  serum  and  tissue  ferritin  actually  consist 
of  a  family  of  isoferritins  which  can  be  iden- 
tified by  isoelectric  focusing  (17,  18).  Fur- 
thermore, studies  in  man  indicate  that  reciys- 
tallization  selects  out  predominantly  basic 
isoferritins  which  are  less  heterogeneous  than 
the  mixture  of  isoferritins  obtained  without 
recrystallization  (19).  This  may  explain  why 
recrystallized  ferritin  is  cleared  more  rapidly 
than  the  ferritin  recovered  from  tissue  with- 
out crystallization.  Obviously,  any  final  inter- 
pretation of  the  kinetic  data  observed  in  this 
model  must  await  more  detailed  characteri- 
zation of  the  circulating  protein. 

Summary.  The  mean  serum  ferritin  in  nor- 
mal dogs  averaged  24  ng/ml  which  is  similar 
to  the  level  in  normal  man.  The  plasma  clear- 
ance of  recrystallized  ferritin  was  determined 
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by  changes  in  the  serum  level  or  by  the 
clearance  of  ferritin  tagged  with  ^^I  or  ^Fe. 
Clearance  half  times  was  invariably  less  than 
10  min  with  doses  ranging  from  tracer  quan- 
tities to  several  mg  protein.  The  iron  and 
protein  moieties  of  ferritin  were  removed  si- 
multaneously, but  clearance  of  the  protein 
was  slower  when  iron  was  removed  before 
injection.  The  clearances  of  relatively  crude 
hepatic  or  splenic  ferritin  preparations  were 
also  slower,  suggesting  that  isoferritins  may 
differ  substantially  in  their  rate  of  clearance. 
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Release  of  Tissue  Taurine  from  the  Oxygen-Deficient  Perfused  Rat  Heart  (40082) 
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Taurine,  2-aminoethanesulfonic  acid,  is 
present  in  high  concentrations  in  cardiac 
muscle  (I).  The  function  of  this  naturally- 
occurring  substance  has  not  been  defined, 
although  it  has  been  implicated  in  mainte- 
nance of  normal  electrophysiological  func- 
tion of  the  heart.  For  example,  it  has  been 
reported  that  taurine  is  capable  of  reversing 
electrocardiographic  abnormalities  induced 
by  high  concentrations  of  certain  glycosides 
(i.e.  digoxin  and  strophanthin  K)  (2,  3).  In 
this  context,  taurine  may  be  involved  in  reg- 
ulating ion  fluxes,  specifically  K'^  and  Ca^'*^ 
(4,  5). 

We  have  recently  reported  both  a  regional 
heterogeneity  in  taurine  levels  within  the  dog 
myocardium  and  a  generalized  decrease  in 
the  taurine  content  in  ischemic  cardiac  mus- 
cle (6).  The  ischemic  left  ventricle,  induced 
by  coronary  artery  ligation,  demonstrated  a 
loss  in  taurine  content  exceeding  45%.  The 
loss  of  taurine  in  the  myocardium  could  have 
occurred  by  at  least  two  mechanisms:  (a) 
metabolism  or  (b)  release  into  the  general 
circulation.  While  it  has  been  demonstrated 
in  tracer  studies  that  taurine  is  indeed  metab- 
olized to  isethionic  acid,  the  rate  is  extremely 
slow  (7,  8).  Therefore,  in  quantitative  terms 
the  loss  of  taurine  during  short  periods  of 
ischemia  (4  hr)  due  to  metabolism  could  be 
eliminated  as  a  possible  mechanism.  Since 
taurine  is  normally  present  in  blood,  albeit  in 
low  concentration,  and  since  ischemic  dam- 
age is  principally  a  manifestation  of  cellular 
hypoxia,  we  have  attempted  to  reproduce 
taurine  loss  in  an  isolated  heart  perfused  with 
a  taurine-free  and  oxygen-deficient  buffer. 

The  present  report  shows,  indeed,  that  my- 
ocardial cellular  hypoxia  resulted  in  a  loss  of 
tissue  taurine  per  se.  This  taurine  was  re- 
covered quantitatively  in  the  buffered  perfu- 
sate. 

Materials  and  methods.  Animals.  Male 
Sprague-Dawley  rats  weighing  250-300  g 
were  given  free  access  to  Purina  rat  chow  and 
water. 


Perfusion  system.  The  animals  were  anes- 
thetized with  ether,  the  chest  opened,  heart 
excised  and  mounted  on  the  perfusion  appa- 
ratus as  described  elsewhere  (9-1 1).  Coronary 
perfusion  pressure  was  constant  at  82  mmHg 
One  group  of  hearts  was  perfusion -washed  ii 
a  nonrecirculated  system  for  5  min  witt 
Krebs-Henseleit  bicarbonate  buffer  contain 
ing  5.5  mA/  glucose.  The  ventricles  wen 
freeze-clamped  with  Wollenberger  tong: 
cooled  in  liquid  nitrogen  and  the  frozen  tissu< 
analyzed  for  '^initial'*  taurine  content.  A  sec- 
ond group  of  hearts  was  perfused  for  ai 
additional  30  min  (**residual")  before  freeze- 
clamping  and  analysis.  Each  of  the  group! 
mentioned  above  was  further  divided  intc 
two  groups;  in  one  group,  the  buffered  per- 
fusate was  equilibrated  with  95%  02-5%  COj 
(oxygenated  controls)  and  in  the  other,  the 
medium  was  gassed  with  95%  N2-5%  COa 
(oxygen-deficient).  The  perfusion  medium 
was  sampled  at  10-,  20-  and  30-min  intervals 
and  aliquots  taken  for  taurine  analyses.  Mean 
coronary  flow  rates  (ml/min/g  wet  wt  ±  SE) 
were  10.9  ±  0.8  and  16.8  ±  1.0  for  oxygenated 
controls  and  oxygen-deficient  hearts,  itspcc- 
tively.  Mean  heart  rates  (beats/min  ±  SE) 
were  286.6  ±  24.0  for  oxygenated  hearts  and 
130.0  ±  38.7  for  oxygen-deficient  hearts. 

Estimation  of  tissue  and  perfusate  taurint 
The  cardiac  tissue  was  weighed  in  the  finozen 
state  and  then  homogenized  in  3  vol  of  cold 
2%  perchloric  acid  with  a  Virtis  Model  45 
homogenizer  for  20  sec  at  half  speed.  The 
homogenate  was  centrifiiged  for  10  min  at 
12,(XX)^.  Aliquots  of  the  supernatant  weft 
analyzed  for  taurine  content  by  an  amino 
analyzer  procedure  as  described  previously 
(12). 

A  portion  of  ventricle  from  each  heart  was 
dried  to  constant  weight  and  the  diy:  we( 
ratio  determined.  All  data  are  expressed  on  a 
dry  weight  basis.  A  progranuned  statistical 
analysis  of  the  data  was  performed  on  an 
IBM  370/145  computer. 

Results.  The  effects  of  oxygen  deficiency 
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Taurine  content  in  rat  heart  after  perfusion 
rithout  oxygen.  Hearts  were  perfused  with 
iseleit  bicarbonate  buffer  containing  5.5  mM 
'  5  min  (**initiar*)  or  for  an  additional  30  min 
').  Clear  bars  and  hatched  bars  show  values 
taurine  in  hearts  perfused  with  buffer  equili- 
Ji  95%  Or-5%  COj  and  95%  Nr-5%  COj. 
y.  Each  value  represents  the  mean  ±  S£  of  the 

hearts  indicated  in  parenthesis. 

)  taurine  content  are  shown  in  Fig.  1. 
hown  on  the  left  of  the  figure  repre- 
rine  content  after  a  nonrecirculated 
m  washout  of  the  coronary  vascular 
thus  reflect  a  more  accurate  estima- 
initial  tissue  taurine.  The  apparent 
:e  between  values  from  normoxic  and 
)erftised  hearts  was  not  statistically 
nt  (P  >  0.10).  Comparison  of  "ini- 
I  ''residual"  values  showed  that  tissue 
levels  remained  unchanged  after  30 
fell-oxygenated  perfusion  (P  >  0.10). 
r,  a  similar  period  of  perfusion  under 
auditions  resulted  in  a  decrease  in 
3ftaurine(P<0.02). 
taurine  was  not  present  in  the  per- 
edium  initially,  samples  of  perfusates 
lected  at  various  time  intervals  during 
ited  perftision.  The  results  are  shown 
1.  In  well-oxygenated  control  hearts, 
|uantity  of  taurine  was  detected  after 
tes  of  perfusion.  In  this  group  of 
3erftisate  taurine  amounted  to  less 
»  of  initial  tissue  values  which  was 
methodological  error.  No  ftirther 
f  taurine  was  observed  after  the  ini- 
dn  sampling.  In  hearts  perfused  with 
Tee  medium,  taurine  release  in- 
three-  to  fourfold  after  10  min  of 
ted  perftision  and  continued  to  in- 
lough  30  min.  Comparison  of  values 
t  taurine  loss  and  those  for  appear- 
taurine  in  the  perftision  medium  of 


oxygen-deficient  hearts  after  30  minutes  in- 
dicated approximately  100%  recovery. 

Discussion,  The  role  of  taurine  in  tissue 
ftmction  is  for  the  most  part  uncertain;  the 
exception  being  its  known  conjugation  with 
specific  bile  acids  (13).  In  recent  years,  how- 
ever, evidence  has  accumulated  to  suggest  a 
ftmctional  role  of  taurine  in  heart;  a  tissue 
which  contains  a  relatively  high  content  of 
this  sulfonic  amino  acid.  Observations  by 
Kocsis  et  al  (14)  and  Crass  and  Lombardini 
(6)  have  shown  that  dog  myocardial  tissue 
displays  a  regional  heterogeneity  in  taurine 
content,  including  an  increasing  outer  to  in- 
ner transmural  gradient  across  the  left  ven- 
tricular wall. 

A  potentially  important  ftmction  of  taurine 
in  heart  was  suggested  in  the  experiments  of 
Read  and  Welty  (2)  and  others  (3).  These 
workers  noted  that  inftision  of  taurine  into 
animals  demonstrating  glycoside-induced 
electrocardiographic  abnormalities  resulted 
in  the  disappearance  of  the  arrhythmias. 
These  and  other  more  recent  observations 
which  have  recently  been  reviewed  (IS)  have 
implicated  taurine,  or  its  principal  metabolite, 
isethionic  acid,  in  regulation  of  intracellular 
K"^  and  Ca^"^  fluxes.  In  this  context,  we  re- 
cently postulated  (6)  that  a  contributing  fac- 
tor to  the  arrhythmias  characteristic  of  acute 
myocardial  ischemia  could  be  the  loss  of 
intracellular  taurine.  The  cardiac  muscle  cell 
maintains  a  large  taurine  gradient  relative  to 
the  extracellular  fluid  (3).  A  decrease  in  cel- 
lular phosphate  potential  secondary  to  severe 


K)  20  30 

PERFUSION  TIME  (min) 

Fio.  2.  Release  of  tissue  taurine  into  perfusate  dur- 
ing anoxic  perfusion  of  the  isolated  rat  heart.  Hearts 
were  perfused  with  Krebs-Henseleit  bicarbonate  buffer 
containing  5.S  mM  glucose  equilibrated  with  either  9S% 
N2-S%  CO2  (solid  line)  or  9S%  02-5%  CO2  (broken  line). 
Each  value  represents  the  mean  cumulative  taurine  value 
in  the  recirculated  perfusate  of  six  hearts  at  the  times 
indicated  ±  SE. 
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hypoxia  may,  as  in  the  case  of  K'^  loss  (16), 
be  the  basis  of  taurine  loss  observed  in  is- 
chemic heart  muscle  (6).  Taurine  loss  is  par- 
ticularly large  in  the  subendocardial  region 
where  density  of  conduction  tissue  is  greatest 
(14.  17). 

In  the  present  studies,  isolated  rat  hearts, 
deprived  of  oxygen  to  simulate  ischemia-in- 
duced cellular  hypoxia,  were  perfused  with  a 
taurine-free  medium  to  facilitate  detection  of 
possible  tissue  taurine  leakage.  In  hearts  per- 
fused with  oxygen  for  30  min,  the  tissue 
content  of  taurine  was  not  significantly 
changed  (Fig.  1).  However,  within  10  minutes 
the  perfusate  contained  3.88  /xmoles  of  tau- 
rine/g  dry  wt  (Fig.  2).  The  recovery  of  taurine 
in  the  oxygenated  perfusate  was  due,  perhaps, 
to  the  short  period  of  hypoxia  (<  1  min)  when 
the  heart  was  removed  from  the  animal  and 
mounted  on  the  perfusion  apparatus.  Fur- 
thermore, the  observation  that  the  taurine 
release  into  the  medium  did  not  increase  with 
time  tended  to  support  this  conclusion. 

In  hearts  perfused  with  the  nitrogen  mix- 
ture, a  significant  decrease  in  tissue  taurine 
content  was  observed  (Fig.  1).  The  "lost" 
taurine  was  recovered  100%  in  the  perfusate 
(Fig.  2).  Moreover,  the  release  of  taurine 
under  conditions  of  oxygen  deficiency  in- 
creased with  time  (Fig.  2). 

The  data  obtained  in  these  experiments 
demonstrate  that  whole  heart  hypoxia,  as  in 
the  case  of  acute  ischemia  in  vivo  (6),  results 
in  taurine  loss.  Furthermore,  loss  of  taurine 
appears  to  involve  leakage  of  taurine  per  se 
as  opposed  to  hypoxia-induced  metabolic 
conversion  to  a  taurine  metabolite.  The  dec- 
rement in  the  tissue  pool(s)  of  taurine  was 
recovered  quantitatively  in  the  perfusion 
fluid. 

It  would  be  of  interest  to  determine 
whether  a  nonrecirculated  perfusion  system 
involving  continuous  removal  of  released  tau- 
rine would  potentiate  tissue  loss;  and  con- 
versely, whether  supplementation  of  the  per- 
fusion medium  with  exogenous  taurine  in 
anoxic  or  ischemic  hearts  could  prevent  tissue 
taurine  leakage.  Experiments  to  test  these 
questions  as  well  as  efforts  to  correlate  sever- 
ity of  electrophysiologic  abnormalities  with 
extent  of  taurine  loss  are  currently  in  prog- 
ress. 

Summary,  The  effects  of  cellular  hypoxia 
on  taurine  levels  in  rat  hearts  were  deter- 


mined. Hearts  perfused  with  95%  N2-5%  CO 
demonstrated  a  significant  decrease  in  tissui 
taurine  content  when  compared  to  contro 
hearts  perfused  with  95%  02-5%  CO2.  Th< 
loss  of  taurine  in  oxygen-deficient  hearts  wa 
time  dependent  over  a  period  of  30  min.  Th< 
perfusate  when  analyzed  for  taurine  conten 
contained  100%  of  the  released  taurine.  Thw 
metabolic  conversion  of  taurine  had  no  rol 
in  the  disappearance  of  taurine  from  the  ni 
heart. 
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)rld  primates  are  useful  experimen- 
tory  models  for  Epstein-Barr  virus 
fections  (1).  These  species  do  not 
larbor  EBV  or  a  related  virus  in 
t  their  cells  are  susceptible  to  trans- 
in  vitro  (2-4).  In  limited  studies 
I  so  far  lymphoma  has  been  in- 
otton-top  marmosets  (Saguinus)  (3, 
monkeys  (Aotus)  (6)  and  in  squirrel 
(Saimiri)  (7).  However,  not  all  in- 
of  each  species  are  susceptible  to 
lesis  or  even  to  persistent  infection, 
pie,  squirrel  monkeys  with  malaria 
fulminant  lymphoproliferative  dis- 
inoculation  with  autochthonous 
erted  cells  (7),  but  only  transient 
responses  were  found  in  normal 
lonkeys  (2).  In  some  species,  such 
rix  marmosets,  only  mild  lympho- 
ve  disease  has  occurred  after  EBV 
n(8). 

/ariable  responses  of  non-human 
nay  be  explained  by  differences  in 
nts  and  types  of  virus  or  trans- 
Us  inoculated  and  also  by  host  dif- 
he  nature  of  which  remains  to  be 

report  we  described  the  derivation 
ous  woolly  monkey  (WM)  lympho- 
nes  following  in  vitro  transforma- 
Lkocytes  by  an  EBV  strain  (B9S-8) 
I  previously  been  shown  to  be  on- 
i  the  cotton-top  marmoset  (CTM). 
WM  cells  differed  from  CTM  cells 
face  markers,  virus  production  and 
ity.  These  differences  serve  as  a 
exploring  factors  which  might  ac- 
the  variations  in  pathogenic  poten- 
V  in  different  hosts. 
Is  and  methods.  Cells.  Mononuclear 
>ns  were  obtained  from  heparinized 

blood  utilizing  Ficoll-Hypaque 
9).  Populations  depleted  of  T  lym- 

were     derived     by     a     second 


Ficoll-Hypaque  separation  of  cells  which  had 
formed  rosettes  with  neuraminidase  treated 
sheep  erythrocytes  (Vibrio  cholera,  Calbi- 
ochem).  Lymphoblastoid  lines  were  estab- 
lished following  in  vitro  exposure  of  2-8  X  10^ 
cells  to  10^  transforming  units  of  the  B9S-8 
EBV  strain  (10). 

Lymphocyte  markers.  Cells  with  receptors 
for  C3  were  identified  by  the  "EAC"  rosette 
test.  The  source  of  antibody  was  19  S  rabbit 
anti-sheep  erythrocyte,  and  the  source  of 
complement  was  fresh  mouse  serum.  Recep- 
tors for  the  Fc  portion  of  IgG  were  sought 
with  the  "EA"  rosette  test.  Two  sets  of  re- 
agents were  employed:  sheep  rbc  coated  with 
a  nonagglutinating  dilution  of  7  S  rabbit  anti- 
sheep  rbc  (Cordis  Laboratories)  and  human 
typ^  O  Rh  positive  rbc  coated  with  a  1:80 
(Ulution  of  human  anti-D  y  globulin  (Spectra 
Biologicals). 

Cytogenetic  and  morphologic  studies.  Chro- 
mosome studies  were  performed  with  the 
Giemsa  banding  method  (11)  on  metaphase 
cells  derived  from  two  immortalized  woolly 
monkey  cell  lines  as  well  as  from  freshly 
drawn  peripheral  blood  leukocytes  from  an 
uninoculated  monkey. 

Tests  for  EBV  in  transformed  cells.  Lines 
were  tested  for  EB  nuclear  antigen  and  viral 
capsid  antigen  using  positive  and  negative 
human  reference  antisera  (12,  13).  Early  an- 
tigen was  sought  following  treatment  with 
iododeoxyuridine  (lUdR)  and  following  su- 
perinfection with  the  P3J-HR-I  EBV  strain 
(14,  IS).  Cell  profiles  from  several  lines  were 
examined  for  viral  nucleocapsids  by  electron- 
microscopy. 

Animal  inoculations.  Four  monkeys  (La- 
gothrix  lagotricha)  were  inoculated  with  cell- 
free  B95-8  virus  with  a  titer  of  lO^Dso/ml. 
They  received  1  ml  intravenously,  1  ml  intra- 
peritoneally,  and  O.S  ml  applied  to  the  pos- 
terior pharynx  with  a  cotton  swab.  Two  of 
the  four  monkeys  received  azathioprine  (3 
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mg/kg)  and  prednisolone  (O.IS  mg/kg)  for 
20  days.  Four  monkeys  received  injections  of 
4  X  lO^-l  X  10®  autologous  cells  first  trans- 
formed in  vitro  by  B95-8.  Two  of  the  monkeys 
which  received  autologous  cells  had  received 
cell-free  virus  9  months  previously,  but  had 
not  developed  persistent  antibodies.  They  re- 
ceived two  sets  of  inoculations  of  autologous 
cells  each:  one  was  given  intrathecally  via  the 
cistema  magna,  and  the  second  inoculation, 
6  months  later,  was  given  intraperitoneally 
and  into  the  buccal  mucosa.  The  intraperi- 
toneal inoculations  were  accompanied  by  im- 
munosuppressive chemotherapy,  as  outlined 
above.  Two  other  monkeys  which  had  not 
previously  received  inoculations  of  virus  were 
given  7-9  x  10^  cells  into  the  peritoneal  cavity 
and  10^  cells  in  each  buccal  mucosal  surface; 
one  was  inmiunosuppressed. 

EBV  antibody.  Antibodies  to  VCA  and 
EBNA  were  measured  in  sera  taken  biweekly 
from  inoculated  animals  (16). 

Results.  Establishment  of  lymphoblastoid 
cell  lines  (Table  I).  Woolly  monkey  peripheral 
blood  lymphocytes  were  relatively  resistant 
to  in  vitro  transformation  by  EBV.  Transfor- 
mation in  the  EBV  system  is  defined  as  con- 
tinued proliferation  of  lymphocytes  in  vitro 
following  virus  exposure.  Cell  lines  were  es- 
tablished from  four  animals;  considering  only 
those  animals  in  which  transformation  was 
successful  (four  of  eight)  only  10%  (14/14S) 
of  virus-exposed  leukocyte  cultures  resulted 
in  cell  lines.  No  lines  were  derived  without  in 
vitro  exposure  to  virus. 

We  were  unsuccessful  in  our  attempts  to 
increase  transformation  frequency  by  expo- 
sure of  the  leukocytes  to  mitogens  (PHA, 
conA,  PWM,  LPS).  Similarly  we  could  not 
increase  frequency  of  transformation  by  ex- 
posing the  cells  to  virus  after  several  days  in 
culture  when  many  of  the  cells  had  entered 
DNA  synthesis.  Depletion  of  T  lymphocytes 
also  did  not  affect  transformation  frequency. 

Karyotypes  were  prepared  from  two  cell 
lines  (monkeys  B  and  6)  and  from  a  fresh 
peripheral  blood  sample  of  monkey  R.  Pri- 
mary cells  from  monkey  R  had  a  constant 
chromosome  number  of  2n  =  62.  Most  cells 
from  line  O  contained  62  chromosomes;  how- 
ever, these  appeared  to  be  pseudodiploid. 
Cells  from  line  B  had  a  basic  chromosome 
number  of  61  with  at  least  two  probable 


TABLE  L  Attempts  to  Establish 

Lymphoblastoid  Cell  Lines  from  Woolly 

Monkey  Leukocytes. 


Monkey  B« 

3/15' 

0/15 

Monkey  O" 

3/14 

0/15 

Monkey  G 

0/7 

0/7 

Monkey  D 

0/7 

0/7 

Monkey  P 

2/% 

0/53 

Monkey  M 

0/4 

0/4 

Monkey  W 

0/18 

0/19 

Monkey  R 

6/20 

0/12 

Total' 

14/181 

0/132 

'  Animals  immunosuppressed  with  azathiophne  to 
prednisolone. 

^  B95-8  strain  of  EBV,  with  10^-10^  transforming  unil 
per  ml. 

'  No.  cultures  positive/no.  attempted. 


translocation  chromosomes  and  other  abnor 
malities. 

Expression  of  EBV  in  transformed  cells.  A 
low  level  of  viral  capsid  antigen  (0. 1-1.0%  oi 
cells)  was  detected  in  four  of  five  vims  trans- 
formed lines.  Supernatant  fluids  from  these 
lines  also  contained  transforming  virus  dem- 
onstrated by  lymphoblastoid  transformation 
of  umbilical  cord  leukocytes  with  fIeez^ 
thawed  and  filtered  materials.  The  transfoim- 
ing  titer  in  all  lines  was  lO^-lOO^  50%  trans- 
forming units  per  0. 1  ml.  The  amount  of  vinis 
in  the  extracellular  fluid  was  assayed  by  end- 
point  dilution  transformation  of  fresh  human 
umbilical  cord  lymphocytes.  Titers  were  cal- 
culated by  the  Reed  Muench  formula.  Of  five 
lines  tested  for  the  presence  of  EBNA  all  were 
positive,  but  the  reaction  was  less  intense  in 
the  WM  lines  than  in  the  Raji  positive  control 
and  was  characterized  by  a  fine,  flecked  pat- 
tern rather  than  a  coarsely  granular  one. 

We  attempted  to  detect  early  antigen  (EA) 
in  two  WM  cell  lines  and  to  influence  its 
production  by  additon  of  lUdR  (60  /ig/ml) 
or  by  superinfection  with  HR- 1  virus  (S  X  10^ 
EA  inducing  units/ml  as  measured  in  Raji 
cells  (14,  IS).  Both  cell  lines  spontaneously 
produced  low  levels  (1-3%)  of  EA  since  more 
cells  stained  with  the  EA  +  VCA  +  scrum 
than  with  a  serum  which  only  contained  anti- 
VCA.  Addition  of  HR-1  virus  did  not  in- 
crease the  number  of  fluorescent  cells  and  the 
level  of  EA  expression  was  not  enhanced  by 
lUdR. 

We  demonstrated  herpesvirus  particles  by 
electron  microscopy  in  a  thin  sectioned  ceii 
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prepared  from  one  cell  line.  These  cells 
been  exposed  to  iododeoxyuridine 
.)  for  72  hr  2  weeks  earlier.  One  area  of 
ibris  contained  seven  capsids;  one  cap- 
itained  a  core.  No  C-type  particles  were 
=^reeze-thawed  supernatant  fluids  from 
;ame  cultures  caused  transformation  of 
1  umbilical  cord  leukocytes. 
xphocyte  markers  on  primary  and  EBV 
}rmed  WM  leukocytes  (Table  II,  III). 

50%  of  WM  peripheral  blood  mono- 
X  cells  isolated  by  the  Ficoll  Hypaque 
que  are  T  lymphocytes,  i.e.,  make  ro- 
with  sheep  rbc  (E).  Nearly  50%  of  the 
1  peripheral  blood  have  a  receptor  for 
s  identified  by  the  EA  rosette  marker, 
e  presumably  B  lymphocytes  and  mon- 
,  or,  possibly,  activated  T  cells.  Cells 
g  the  IgFc  marker  are  about  two  to 
imes  as  prevalent  in  WM  blood  as  in 
I  or  cotton-top  marmoset  blood  (17). 
ximately  20%  of  WM  mononuclear 
ave  the  C3  receptor  as  identified  by  the 
osette  test. 

spt  for  loss  of  T  lymphocytes,  the 
sion  of  lymphocyte  markers  on  the 
>rmed  cells  reflected  the  markers  found 
nary  cells.  The  majority  of  cells  in  the 
xpressed  the  IgFc  receptor.  Overnight 
ition  of  cells  in  the  WM  lines  with 

antibody-coated  erythrocytes  at  4® 
1  90%  EA  rosettes.  EA  rosettes  were 
rmed  when  human  anti-D  coated  Rh- 
e  type  O  human  erythrocytes  were 
s  the  reagent  (Table  III).  About  20%  of 
L  the  WM  lines  exhibited  the  C3  recep- 
nce  cloning  studies  have  not  yet  been 
ned  with  diese  lines,  it  is  not  known 


whether  the  EA  and  EAC  receptors  are  pres- 
ent on  the  same  cell  and  whether  all  cells 
have  the  capacity  to  express  the  EAC  recep- 
tor. 

Spontaneous  expression  of  the  EA  receptor 
on  WM  cells  is  unusual  for  cells  transformed 
in  vitro  by  EBV  and  we  have  not  encountered 
this  receptor  on  comparable  immortalized 
human  or  marmoset  cells  (17).  We  wished  to 
determine  the  relationship  of  the  EA  receptor 
to  that  which  is  induced  by  herpes  simplex 
virus,  since  we  considered  the  possibility  that 
WM  cells  might  carry  a  related  virus.  After 
infection  with  HSV  type  1,  several  Burkitt 
lymphoma  cell  lines  and  a  WM  line  were 
tested  for  receptors  for  human  and  rabbit 
IgFc.  From  2  to  4%  of  cells  in  the  herpes 
infected  Burkitt  lymphoma  lines  developed 
receptors  for  rabbit  IgFc  but  not  human  IgFc. 
EBV  transformed  WM  cells  expressed  recep- 
tors for  IgFc  of  both  species,  and  these  recep- 
tors were  not  altered  following  HSV  infec- 
tion. About  0.1%  of  cells  in  all  four  lines 
formed  infected  centers  after  HSV  infection. 

Response  of  animals  to  inoculation  of  virus 
and  autologous  EBV  transformed  cells.  All 
monkeys  remained  well  following  inoculation 
of  cell  free  virus  and  autologous  transformed 
cells.  No  alterations  in  peripheral  blood 
count,  or  blood  leukocyte  morphology  were 
noted.  No  lymphadenopathy  or  masses  were 
detected. 

Autopsies  were  performed  on  three  ani- 
mals 6-22  months  after  inoculation  of  autol- 
ogous transformed  cells.  Two  monkeys  had 
been  inoculated  with  such  cells  in  the  cistema 
magna.  Both  gross  anatomy  and  histology 
were  normal.  Cell  lines  could  not  be  estab- 
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Expression  of  Surface  Receptors  on  Fresh  Peripheral  Blood  Lymphocytes  of  Woolly 
Monkeys  and  on  Woolly  Monkey  Lymphoblastoid  Cell  Lines. 


Peripheral 

blood  lymphocytes 

Lymphoblastoid  cell  lines 

Imal 

%EAC- 

%  EA(7S)* 

%E' 

%EAC 

%  EA(7S) 

%E 

4P 

18 

45 

55 

18 

67 

0 

4P 

18 

52 

56 

29 

75 

0 

4R 

18 

43 

47 

27 

45 

0 

40 

ND- 

ND 

ND 

21 

48 

0 

Ah 

ND 

ND 

ND 

34 

42 

0 

4M 

27 

47 

55 

ND 

ND 

ND 

centage  of  cells  which  form  rosettes  with  sheep  erythrocytes  coated  with  rabbit  19S  antibody  and  mouse 

nent. 

oentage  of  cells  which  form  rosettes  with  sheep  erythrocytes  sensitized  with  rabbit  7S  immunoglobulin. 

xntage  of  cells  which  bind  sheep  erythrocytes  at  4*^. 

» ■  Not  done. 
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lished  from  various  lymphoid  tissues  at  au- 
topsy, nor  could  EBNA  be  demonstrated  in 
imprints  of  lymph  nodes. 

All  animals  lacked  antibody  to  VGA  ini- 
tially. Low  level  anti-VCA,  at  a  titer  of  1:10, 
appeared  in  the  sera  of  three  of  four  animals 
inoculated  with  cell-free  virus  by  weeks  4  and 
S  following  inoculation,  but  was  no  longer 
detected  by  week  9  after  inoculation.  Simi- 
larly, only  low  level  transient  anti-VCA  re- 
sponses were  observed  in  animals  given  au- 
tologous transformed  cells. 

Many  attempts  were  made  to  recover 
lymphoid  cell  lines  from  the  peripheral  blood 
of  inoculated  animals  at  various  intervals 
after  inoculation.  This  was  unsuccessful,  with 
one  exception:  cell  lines  were  established 
from  several  cultures  of  blood  leukocytes  ob- 
tained one  week  after  intracistemal  inocula- 
tion of  autologous  cells  in  one  monkey.  These 
lines  presumably  represent  transformed  cells 
which  found  their  way  to  the  periphery  and 
circulated  transiently. 

Discussion.  We  report  these  findings  for 
two  reasons.  First,  the  surface  properties  of 
EBV-transformed  WM  lymphocytes  are  un- 
usual. The  lines  express  avid  IgFc  receptors 
as  demonstrated  by  the  EA  rosette  test  and 
thus  they  may  be  useful  in  further  work  on 
this  receptor.  Second,  although  the  number 
of  inoculated  animals  is  small,  WM  cell  lines 
inmiortalized  in  vitro  by  EBV  have  not 
proved  oncogenic  when  returned  to  the  au- 
tologous host,  even  in  an  inmiunologically 
privileged  site  or  when  administered  with 
inmiunosuppressive  drugs. 

The  IgFc  receptor  found  on  transformed 
WM  cells  is  not  found  on  comparable  human 
or  marmoset  cells  transformed  in  vitro  by 
EBV  (17).  The  receptor  appears  to  be  quali- 
tatively distinct  from  that  induced  by  Herpes 
simplex,  since  it  is  capable  of  binding  and 
forming  rosettes  with  lx)th  human  and  rabbit 
inmiunoglobin  coated  erythrocytes  whereas 
the  HSV  induced  receptor  forms  rosettes  with 
erythrocytes  coated  with  rabbit  but  not  hu- 
man inmiunoglobin  (Table  III).  The  lines 
may  be  useful  in  detecting  antigen-antibody 
complexes,  or  possibly  in  the  purification  and 
characterization  of  the  chemical  structure  of 
this  ligand  receptor.  We  do  not  believe  the 
IgFc  receptor  is  induced  by  EB  virus,  since 
receptor  activity  is  expressed  on  WM  lym- 


TABLE  IIL  Expression  of  the  IgFc  Receptor  i> 
Woolly  Monkey  Lymphoblastoid  Lines  and  in 
BuRRiTT  Lymphoma  Lines  with  and  Without 
Herpes  Simplex  Virus  Infection. 


Fraction  of  Cells* 

making  EA  roiette 

Rabbit 

EBV 

HSV- 1 

7Santi- 

Human 

CeU  Line 

Genome 

Added 

SRBC 

anti-D 

WM 

+ 

No 

.88 

.65 

Yes- 

.90 

.66 

Raji 

+ 

No 

0 

0 

Yes 

.04 

0 

BJAB 

— 

No 
Yes 

0 
.02 

0 

BJAB/HR-1 

+ 

No 

0 

0 

Clone  Bi 

Yes 

.03 

0 

"  Multiplicity  of  0.75  PFU/cell.  Rosette  formatio 
tested  24  hr  after  infection. 

^  In  each  rosette  test,  100-200  cells  were  counted. 


phocytes  before  transformation. 

Several  factors  may  correlate  with  the  lad 
of  oncogenicity  of  virus  and  transformed  cdl 
in  this  species  of  monkey.  Firstly,  WM  lym 
phocytes  are  relatively  refractory  to  transfoi 
mation  (Table  1).  For  example  preparation 
of  EBV  which  contain  10^  transforming  unil 
when  assayed  on  human  cells,  will  only  trans 
form  a  fraction  of  the  cultures  when  adde 
undiluted  to  WM  cells.  Since  WM  T  lympho 
cytes  spontaneously  proliferate  for  seven 
weeks  in  vitro,  we  entertained  the  idea  that ' 
cells  might  suppress  transformation.  Howevc 
elimination  of  T  lymphocytes  and  enrichmen 
for  cells  bearing  the  Fc  receptor  did  not  in 
crease  the  transformation  rate  (unpublished] 
The  relative  insusceptibility  of  lagothrix  ku 
kocytes  to  transformation  cannot  be  ex 
plamed  by  the  absence  of  virus  receptoi 
since  we  were,  in  fact,  able  to  induce  trans 
formation  in  vitro,  albeit  rarely.  Ample  num 
bers  of  lymphocytes  with  complement  recep 
tors,  thought  to  be  closely  associated  with  6 
virus  receptor,  are  found  in  WM  blood  (TabI 
II)  (17),  but  the  subpopulation  of  EAC  ro 
sette-forming  cells  with  virus  receptors  ma; 
be  small  or  the  virus  receptors  may  b 
sparsely  distributed  on  WM  B  lymfriiocytes 
Susceptibility  of  cells  to  transformation  aw 
susceptibility  of  the  host  to  infection  may  b 
related;  higher  transformation  efficiencies  o 
EBV  are  found  in  himian  cells,  the  natun 
host  (18).  Both  the  serologic  studies  and  gen 
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eral  failure  to  recover  cell  lines  from  periph- 
eral blood  indicate  that  WM  are  not  infected 
following  inoculation  of  virus  or  cells. 

Secondly,  WM  lymphoblastoid  lines  are 
relatively  nonproductive  of  virus.  They  are 
similar  to  lines  derived  from  adult  humans 
and  they  contrast  sharply  with  transformed 
marmoset  cells  which  release  relatively  large 
amounts  of  cell  free  virus  (19).  While  autoch- 
thonous EBV  transformed  marmoset  cells 
have  proved  oncogenic  in  one  instance  (20) 
the  tumor  may  have  been  induced  by  virus 
released  from  the  transformed  marmoset  cell 
and  not  by  the  transformed  cells  per  se.  In 
fact,  though  there  is  ample  evidence  for  on- 
cogenicity of  the  virus  in  marmosets,  there  is 
as  yet  no  evidence  that  lymphoblastoid  cells 
of  any  species,  derived  following  in  vitro 
exposure  to  EBV,  are  inherently  tumorigenic. 

Thirdly,  transformed  cells  were  apparently 
readily  eliminated,  despite  the  absence  of 
preexisting  anti-viral  inununity.  In  one  in- 
stance transformed  cells  were  retrieved  from 
the  peripheral  blood  seven  days  after  inocula- 
tion, but  not  thereafter,  this  suggests  an  effi- 
cient mechanism  for  recognition  and  elimi- 
nation of  transformed  cells. 

Summary,  Lymphoblastoid  cell  lines  were 
derived  from  peripheral  blood  leukocytes  of 
woolly  monkeys  by  exposure  to  the  B9S-8 
strain  of  EB  virus.  Primary  cells  were  rela- 
tively resistant  to  transformation  and  the  re- 
sulting lines  produced  little  virus.  Almost  half 
the  lymphocytes  in  fresh  blood  had  a  receptor 
for  IgFc  and  60-90%  of  continuously  cultured 
cells  expressed  receptors  for  both  rabbit  and 
human  IgFc  as  detected  with  the  "EA"  ro- 
sette test.  The  IgFc  receptor  on  woolly  mon- 
key cell  lines  was  qualitatively  different  from 
that  induced  by  herpes  simplex  virus  which 
could  be  detected  with  rabbit  but  not  human 
Ig.  Monkeys  inoculated  with  cell-free  virus 
and  autologous  transformed  cells  remained 
well  and  showed  no  evidence  of  infection. 
There  was  thus  no  evidence  that  woolly  mon- 
key cells  transformed  in  vitro  by  EBV  were 
oncogenic  when  replaced  in  the  autologous 
host. 
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Reduced  reproductive  function  is  charac- 
teristic of  aging  in  mammalian  species.  Al- 
though the  precise  neuroendocrine  mecha- 
nisms involved  with  age-related  alterations 
in  reproduction  remain  unresolved,  current 
information  suggests  that  age  may  affect  sev- 
eral components  of  the  hypothalamic-hy- 
pophyseal-gonadal control  system. 

Recent  studies  have  shown  reduced  serum 
testosterone  levels  in  aged  male  rats  and  hu- 
mans (1,  2).  Ovarian  steroid  production  also 
changes  in  aged  rats.  Normal  ovarian  cyclic- 
ity  is  replaced  by  periods  of  constant  estrous 
and  repetitive  pseudopregnancies  (3).  The  ef- 
fects of  age  on  gonadal  function  are  related 
to  the  effects  of  aging  on  gonadotropin  secre- 
tion. Although  the  reduction  in  gonadal  ste- 
roid production  with  age  in  humans  is  accom- 
panied by  increased  blood  gonadotropin  con- 
centrations (4,  S),  there  is  no  evidence  for 
similar  increases  in  gonadotropin  release  ac- 
companying the  reduced  gonadal  steroid  se- 
cretion in  aged  rats.  We  recently  reported 
decreased  serum  LH  levels  in  aged  male  rats 
(6).  In  female  rats  the  effect  of  age  on  serum 
LH  levels  is  variable  and  related  to  the  vari- 
able ovarian  states  of  the  aged  rat.  Although 
aged  constant  estrous  rats  have  higher  serum 
LH  concentrations  than  do  young  cycling 
female  rats  in  estrous  or  diestrous  stages  of 
their  ovarian  cycles,  the  LH  level  in  the  aged 
rats  is  noncycUc  and  is  much  less  than  tihat 
found  in  young  rats  at  proestrus  (7).  This 
study  also  showed  that  aged  rats  with  repeti- 
tive pseudopregnancies  or  aged  anestrous  rats 
have  serum  LH  levels  which  are  lower  than 
LH  levels  in  young  rats  at  diestrus.  Additional 
studies  have  shown  that  ovaries  from  young 
rats  grafted  into  aged  female  rats  resume  the 
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endocrine  state  of  the  recipient  before  the 
transplant  (3). 

These  studies  suggest  significant  age  effects 
on  pituitary  gonadotropin  secretion.  In  mosi 
reproductive  states  old  rats  have  decreased 
serum  LH  levels.  These  low  LH  conoentra- 
tions  suggest  chronically  reduced  pituitu] 
LH  secretion.  In  addition  we  have  repoitec 
smaller  increases  in  serum  LH  following  in- 
travenous LH  releasing  hormone  (LHRH] 
injections  in  aged  compared  to  young  rats  ol 
both  sexes  (6,  7).  The  increase  in  serum  Ui 
following  acute  LHRH  injection  in  aged  rats 
indicates  that  their  pituitaries  are  capable  ol 
secreting  greater  amounts  of  LH  tlmn  the] 
normally  maintain.  The  long-term  reduced 
LH  secretory  activity  which  is  characteristic 
of  the  aged  rat  could  at  least  partially  aocounl 
for  our  reported  decrease  in  pituitary  re^xm- 
siveness  to  actue  LHRH  in  these  animali 
The  current  study  was  designed  to  oonsidef 
the  effects  of  more  sustained  LHRH  stimu- 
lation on  serum  LH  concentration  in  aging 
laboratory  rats. 

Materials  and  methods.  The  rats  used  in 
these  studies  were  on  the  Long-Evans  strain. 
Young  adult  animals  were  4  and  S  mo  of 
age,  the  aged  groups  ranged  fix>m  24  to  28 
mo  of  age.  The  aged  females  were  multipa- 
rous  rats  obtained  as  retired  breeders  at  9 
mo  of  age  (Blue  Spruce  Farms,  Altamont, 
N.Y.).  The  young  females  and  both  groups 
of  males  were  from  the  same  lineage  and  had 
been  reared  in  our  colony.  The  rats  were 
housed  in  a  temperature  controlled  (22^  i 
1®)  and  artificially  lighted  room  (12  hr  lighl 
cycle)  and  maintained  on  Wayne  Lab-Blox 
and  water  supplied  ad  libitum.  Female  nl 
experimental  groups  included  aged  femala 
with  either  constant  estrous  or  persistent  dies- 
trous (repetitive  pseudopregnant)  vagioil 
smears  and  yoimg  females  at  estrus  or  dies- 
trus day  2  of  their  ovarian  cydes.  Old  ntfa 
were  considered  to  be  constant  estrus  or  per- 
sistent diestrus  if  they  had  at  least  10  ooosibo 


494 


OO37-9727/78/l573-O494SO\.QO/0 
Copyright  C 1978  by  the  Soekty  for  EKpehmB^S^%iti^^%^ 
^U  rigku  nmnuL 


MULTIPLE  LHRH  RESPONSE  IN  AGING  RATS 


495 


days  of  comified  or  leucocytic  vagiiial 
rs,  respectively.  All  rats  were  under 
h  supervision  of  the  Michigan  State  Uni- 
ty Laboratory  Animal  Care  veterinari- 
The  rats  were  maintaining  stable  body 
Its  and  were  free  of  any  obvious  acute 
ronic  disease. 

periments  were  begun  at  10:00  am  to 
nize  variation  in  pituitary  response 
li  could  be  caused  by  diurnal  patterns  of 
crine  secretion.  A  pretreatment  blood 
le  was  taken  by  orbital  sinus  puncture 
r  light  ether  anesthesia.  All  experimental 
>s  (12  rats/group)  received  three  serial 
venous  injections  of  LHRH.  Initially, 
ig  of  LHRH  (Eli  Lily,  Inc.,  Indianapolis, 
was  injected  into  die  exposed  jugular 

Serial  blood  samples  averaging  about  1 
ere  taken  from  each  rat  IS,  75,  90,  ISO 
16S  min  after  the  first  LHRH  injection, 
ar  intravenous  LHRH  treatments  (SOO 
/ere  also  administered  at  the  7S  and  ISO 
>lood  sampling  intervals.  Serum  LH  was 
ured  by  double  antibody  radioinmiu- 
utys  (8).  The  antibody  used  in  these  as- 
was  the  NIAMD  anti  rat  LH.  The  ref- 
«  hormone  was  NIAMD  rat  LH-RP  1. 
e  statistical  analysis  of  the  data  (Michi- 
State  University  CDC  6S00  computer) 
ded  analysis  of  variance  of  the  pretreat- 


ment LH  concentrations  and  multivariant 
analysis  of  variance  to  determine  interaction 
between  age  groups,  treatments,  and  treat- 
ment responses. 

Results,  Figure  1  compares  serum  LH  levels 
in  young,  day  2  diestrous  and  aged  pseudo- 
pregnant  (persistant  diestrous)  female  rats. 
Serum  LH  concentration  in  the  samples  taken 
prior  to  LHRH  administration  (0,  7S,  and 
ISO  min)  were  different  in  the  aged  compared 
to  the  young  groups  (P<  O.OS).  LH  was  higher 
in  the  young  group  than  the  aged  group  at  0 
time  (16.3  vs  8.6  ng/ml).  However,  in  the 
ISO  min  sample,  LH  levels  in  the  aged  group 
far  exceeded  that  of  the  young  rats  (141.0  vs 
3S.7  ng/ml).  Serum  LH  concentration  was 
increased  after  each  LHRH  injection  in  both 
age  groups  ( P  <  0.000 1 ).  The  increase  in  serum 
LH  IS  min  following  each  injection  was 
greater  in  both  the  young  and  aged  groups 
with  each  successive  LHRH  injection  (P  < 
0.01).  Although  the  increase  in  serum  LH 
following  the  first  LHRH  injection  was 
greater  (P  <  O.OS)  in  the  young  than  the  aged 
group  (1 12  vs  64  ng/ml),  the  differences  be- 
tween pretreatment  and  Uie  IS  min  postinjec- 
tion  LH  values  in  the  young  and  aged  groups 
following  the  second  and  third  LHRH  injec- 
tion were  not  different. 

The  effects  of  multiple  LHRH  injections 
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>f  the  means.  Serial  samples  were  taken  under  light  ether  anesthesia  before  LHRH  injection  (0,  75,  and  ISO 
ind  IS  min  following  LHRH  stimulation  (15,  90,  and  165  min).  Serum  LH  was  higher  in  young  than  the 
;roup  at  the  15  min  sample  (P  <  0.05).  The  increase  in  LH  was  greater  after  the  second  and  thiid  LHRH 
on  in  both  groups  (P  <  0.01).  The  pretreatment  LH  concentrations  were  increased  prior  to  the  secoad  and 
.HRH  injections  in  the  aged  group  (P  <  0.05). 
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on  serum  LH  concentrations  in  young  estrous 
and  aged  constant  estrous  female  rats  are 
illustrated  in  Fig.  2.  LH  levels  in  the  blood 
samples  taken  from  the  aged  group  before 
each  LHRH  injection  (0,  7S  iEmd  ISO  min), 
increased  with  each  sampling  interval  (P  < 
0.01).  Mean  LH  concentrations  increased 
from  13.S  to  79.1  and  207.9  ng/ml  from  the 
0  min  to  the  75  min  to  the  ISO  min  sampling 
interval.  Serum  LH  was  increased  after  each 
LHRH  injection  in  both  age  groups  (P  < 
0.0001).  llie  increase  in  LH  in  the  IS-min 
sample  was  greater  for  the  young  than  the 
aged  groups  (P  <  0.01).  Although  the  in- 
creases in  serum  LH  concentrations  in  the 
young  group  were  similar  after  the  second 
and  third  LHRH  injection  to  the  response 
after  the  first  injection,  the  aged  group  had 
greater  increases  in  LH  after  die  second  and 
third  LHRH  injection  (the  increase  in  serum 
LH  after  the  fbrst  injection  was  163  ng/ml; 
after  the  second,  474  ng/ml;  and  after  the 
third,  479  ng/ml).  In  addition,  the  increases 
in  LH  were  similar  after  the  second  and  third 
LHRH  injections  in  the  young  and  aged 
groups. 

The  response  of  young  and  aged  male  rats 
to  the  three  injections  of  LHRH  is  plotted  in 


Fig.  3.  Although  the  mean  preinjectioi 
levels  of  the  young  male  group  were  co 
ently  higher  than  LH  in  the  aged  males 
vs  27.0  ng/ml  at  0  min;  40.1  vs  21.8  1 
at  7S  min;  and  32.6  vs  27.8  ng/ml  a 
min),  these  differences  were  not  signif 
Both  age  groups  had  increased  serun 
after  each  LHRH  injection  (P  <  0.0001 
though  the  increase  in  LH  after  the 
LHRH  injection  was  greater  (P  <  O.OS)  i 
young  than  in  the  aged  group  (182.0  vs 
ng/ml  in  the  IS-min  samples),  the  in< 
in  LH  over  the  preinjection  hormone 
was  similar  after  the  second  and  third  L 
injections  for  both  age  groups. 

Discussion,  These  data  suggest  subst^ 
differences  in  young  and  aged  rat  piti 
response  to  multiple  LHRH  stimula 
Levels  of  serum  LH  measured  after  the  i 
LHRH  injection  were  uniformly  low 
aged  compared  to  young  experin 
groups.  This  finding  is  in  agreement  wit 
recent  reports  in  aged  rats  of  both  sex< 
7).  However,  the  results  of  this  study 
that  age-related  differences  in  serum  L] 
much  less  prominent  following  mu 
LHRH  stimulations.  The  marked  increi 
serum  LH  following  the  second  and 
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constant  estrous  female  rats  (/i  «  12/group).  LH  is  expressed  as  ng/ml  of  serum  with  indicated  standard  eirar 
means.  Serial  blood  samples  were  taken  under  light  ether  anesthesia  before  LHRH  injection  (0,  7S,  and  IM 
and  15  min  following  LHRH  stimulation  (IS,  90,  and  I6S  min).  Serum  LH  was  higher  in  young  than  the  a§Bd 
at  the  15  min  sample  (P  <  0.01).  The  increase  in  LH  was  greater  after  the  second  and  third  LHRH  injectioos 
aged  group  {P  <  0.01).  The  pretreatment  LH  concentrations  were  increased  prior  to  the  second  and  third  1 
injections  in  the  aged  group  (P  <  0.01). 
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The  effect  of  serial  intravenous  LHRH  injections  on  serum  LH  concentration  in  young  and  aged  male 
12/group).  LH  is  expressed  as  ng/ml  of  serum  with  indicated  standard  error  of  the  means.  Serial  blood 
ere  taken  under  light  ether  anesthesia  before  LHRH  injection  (0,  75  and  150  min)  and  15  min  following 
mulation  (15,  90,  and  165  min).  Serum  LH  was  higher  in  the  young  than  the  aged  group  at  the  15  min 

<  0.05). 


treatments  in  the  aged  female  rats 
iTOung  diestrus  female  group  is  similar 
cepted  self-priming  effects  of  LHRH 
ly  shown  to  be  involved  in  the  proes- 
surge.  It  is  presumed  that  the  in- 
responsiveness  to  LHRH  involves 
in  gonadal  steroids  which  affect  pi- 
-esponsiveness  to  LHRH  (9),  to  die 
ling  effects  of  LHRH  on  pituitary 
etion  (10)  which  results  in  increased 
thesis  or  secretory  processes  within 
r  gonadotrophs.  The  marked  increase 
I  LH  levels  in  the  preinjection  blood 
of  the  aged  female  groups  suggest 
more  sustained  LH  release  following 
or  more  likely,  a  slower  rate  of  re- 
f  the  hormone  from  the  circulation  in 
imals. 

ugh  the  current  study  indicates  that 
1  rat  can  sustain  substantial  serum 
Is  under  experimental  conditions  of 
[RH  stimulation  for  limited  time  pe- 
lere  is  ample  evidence  that  the  re- 
cess of  the  hypothalamic-hy- 
al  unit  to  LH  controlling  input  is 
1  in  the  aged  rat.  We  and  others  have 
I  low  basal  serum  LH  levels  in  aged 
ts  (6,  9)  and  in  aged  female  rats  in 
reproductive  states  (7»  1 1).  A  recent 
iiggests  that  serum  LH  levels  during 
»trous  surge  are  reduced  in  12  mo 
'ats  compared  to  3-S  mo  old  cycling 
I.  In  addition,  it  has  been  reported 
uitary  concentrations  of  LH  are 
in  aged  male  and  female  rats  com- 
young  adult  controls  (13, 14).  These 


low  blood  and  pituitary  gonadotropin  con- 
centrations have  been  implicated  in  the  de- 
crease in  reproductive  performance  of  aged 
rats  of  both  sexes  (1,  3,  IS).  We  have  shown 
decreased  serum  testosterone  levels  in  aged 
male  rats  (1).  If  the  reproductive  control  sys- 
tems of  these  aged  males  were  functionally 
normal,  this  decrease  in  testosterone  would 
be  detected  in  the  hypothalamic-hypo- 
physeal feedback  system  and  result  in  in- 
creisised  LH  secretion.  Since  aged  male  rats 
have  increased  serum  testosterone  after  HCG 
injection,  indicating  that  they  are  capable  of 
responding  to  gonadotropin,  we  conclude 
that  the  reduced  serum  testosterone  in  aged 
male  rats  reflects  reduced  gonadotropin  stim- 
ulation of  the  testis. 

We  and  others  have  hypothesized  that  the 
most  fundamental  age-related  alteration  in 
the  reproductive  control  system  occurs  in  the 
neural  regulation  of  hypothalamic  hormone 
release  (3,  S,  17).  Hypothalami  of  aged  male 
rats  contain  sufficient  gonadotropin  releasing 
activity  to  stimulate  LH  release  from  incu- 
bated rat  pituitaries  (13).  Aged  male  and 
female  rats  have  smaller  increases  in  serum 
LH  and  FSH  following  orchidectomy  and 
ovariectomy  (9,  18).  These  findings  indicate 
that  although  the  reproductive  control  system 
in  aged  rats  respond  to  decreased  negative 
feedback  following  gonadectomy,  the  re- 
sponse is  less  than  that  which  occurs  in  the 
young  adult  rat.  The  constant  estrous  state 
in  aged  female  rats  seems  involved  with  fail- 
ure of  hypothalamic  mechanisms  responsible 
for  the  proestrous  LH  surge.  The  preoptic 
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area  of  the  rat  hypothalamus  contains  gonad- 
otropin releasing  hormone  (19).  Electrical 
stimulation  of  this  region  can  cause  ovulation 
in  rats  (20)  and  lesions  of  the  preoptic  area 
have  been  shown  to  reduce  gonadotropin 
releasing  hormone  content  in  tUs  region  (21) 
and  cause  persistent  vaginal  comification  in 
young  female  rats  (19).  In  addition,  the 
preoptic  area  has  been  reported  to  be  the  site 
of  the  stimulatory  effect  of  estrogen  on  go- 
nadotropin release  (22).  Aged  constant  es- 
trous  rats  have  sufficient  serum  LH  levels  to 
stimulate  minimal  follicular  development  and 
estrogen  secretion  (23).  Although  electrical 
stimulation  of  the  preoptic  area  under  these 
conditions  will  stimulate  ovulation  (24),  the 
hypothalamic  mechanisms  have  apparently 
become  less  responsive  to  endogenous  estro- 
gen stimulation  of  gonadotropin  release.  The 
results  of  the  present  study  show  that  aged 
rats  can  sustain  high  levels  of  serum  LH  if 
the  hypothalamic  regulation  of  LH  release  is 
circumvented  by  the  injection  of  LHRH,  sug- 
gesting that  the  ability  of  the  hypothalamus 
to  secrete  gonadotropin  releasing  factors  is 
impaired  in  the  aged  rat. 

Although  the  precise  mechanisms  involved 
in  the  deterioration  of  hypothalamic  function 
in  the  aged  rat  are  not  understood,  a  substan- 
tial amount  of  experimental  data  suggests 
that  hypothalamic  catecholamines  may  be 
involved.  Hypothalamic  catecholamines  have 
been  shown  to  influence  anterior  pituitary 
secretions  presumably  either  by  affecting  the 
release  of  hypothalamic  pituitary  regulating 
hormones  or  by  the  catecholamines  acting 
directly  on  the  pituitary.  Increased  hypotha- 
lamic catecholamines  luive  been  strongly  im- 
plicated in  the  release  of  pituitary  LH  and 
the  inhibition  of  pituitary  prolactin  release 
(2S).  The  decrease  in  serum  LH  and  increase 
in  serum  prolactin  we  have  found  in  the  aged 
rat  is  consistent  with  a  hypothesis  of  de- 
creased hypothalamic  catecholamine  func- 
tion. This  hypothesis  is  supported  by  reports 
of  decreased  hypothalamic  catecholamine 
content  (26,  27)  and  reports  of  decreased 
neuronal  catecholamine  turnover  rates  in 
aged  rats  and  mice  (26, 28).  However,  a  great 
deal  more  experimentation  is  required  to  un- 
derstand the  molecular  basis  for  changes  in 
hypothalamic  catecholamine  function  in  ag- 
ing rats  and  to  understand  how  changes  in 
hypothalamic  catecholamines  may  be  related 


to  alterations  in  hypothalamic  responsi 
to  multiple  stimulatory  and  inhibitory 
it  receives. 

Summary.  The  effect  of  three  serial 
tions  of  SOO  ng  of  LHRH  on  serum  L 
tested  in  young  (4-S  mo)  and  aged  i 
mo)  male  and  feniale  Long-Evans  rats 
feinale  groups  were  rats  showing  oc 
estrous  or  pseudopregnant  vaginal  c> 
(at  least  10  days  of  comified  or  ]eu< 
vaginal  smears,  respectively)  which 
compared  to  young  female  rats  at  estro 
diestrous  stages  of  their  ovarian  cyd< 
increase  in  serum  LH  following  th 
LHRH  stimulation  was  less  in  the  age 
in  the  young  groups.  Serum  LH  com 
tions  in  the  aged  feniale  group  were  pi 
sively  increased  following  the  seoon 
third  LHRH  injections.  The  increase 
rum  LH  following  the  second  and 
LHRH  injections  was  similar  in  your 
aged  female  groups.  LH  concentrati 
blood  samples  collected  before  LHRH 
tion  was  progressively  increased  in  botl 
female  groups.  Although  LH  was  grti 
young  than  aged  males  after  the  fiist  I 
injection,  LH  concentrations  after  the  s 
and  third  injections  were  similar  in  botl 
These  results  indicate  that  aged  rat  pitu 
can  sustain  higher  serum  LH  concenti 
than  are  normally  found  in  their  drcu 
and  suggest  that  failure  of  hypothalami 
monal  stimulation  of  LH  release  conti 
to  the  loss  of  reproductive  function  in 
The  increase  in  LH  following  mi 
LHRH  injections  in  aged  female  rats  r 
increased  pituitary  responsiveness  foil 
the  priming  effect  of  the  first  stimulatic 
reduced  LH  clearance. 
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Squamous  Metaplasia  of  the  Tracheal  Epithelium  in  Organ  Culture.  II. 
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Squamous  metaplasia  is  defined  as  the  re- 
placement of  differentiated  epithelial  cells  by 
squamous-like  cells  not  normally  present  at 
that  tissue  site  (1).  In  the  respiratory  mucosa, 
metaplasia  is  a  common  response  of  the  epi- 
thelium to  a  variety  of  mechanical  (2,  3), 
chemical  (4,  S)  and  metabolic  stimuli  (6). 

Although  usually  considered  a  benign  and 
reversible  lesion,  squamous  metaplasia  occa- 
sionally is  associated  with  squamous  cell  car- 
cinoma in  vivo  and  may,  under  some  circum- 
stances, constitute  a  distinct  pre-cancerous 
stage  in  the  development  of  this  lesion.  Con- 
sequently, factors  affecting  epithelial  differ- 
entiation, and  in  particular,  squamous  meta- 
plasia, may  contribute  to  neoplastic  transfor- 
mation in  some  as  yet  unknown  fashion. 

Vitamin  A  is  essential  for  the  maintenance 
of  a  well  differentiated  respiratory  mucosa 
(6,  7).  In  its  absence,  the  mucociliary  epithe- 
lium becomes  metaplastic  and  keratinized. 
Experiments  in  our  laboratory  indicate  that 
other  nutritional  influences  may  also  play  a 
role  in  the  development  of  squamous  meta- 
plasia (8,  9).  When  cultured  in  a  vitamin  A- 
deficient,  nutritionally  complex  medium  such 
as  Waymouth's  MAB  87/3,  the  differentiated 
respiratory  mucosa  of  the  hamster  trachea 
rapidly  undergoes  squamous  metaplasia  and 
keratinization.  In  contrast,  these  explants  ex- 
hibit a  differentiated  columnar  epithelium  for 
extended  periods  of  time  when  maintained 
in  a  basal  medium  such  as  Eagle's  minimum 
essential  medium  (MEM)  in  die  absence  of 
vitamin  A. 

Studies  reported  here  were  undertaken  to 
determine  the  nutritional  constituents  in 
Waymouth's  medium,  but  absent  from  Ea- 
gle's MEM,  that  promote  squamous  metapla- 
sia. 

Materials  and  methods.  Organ  Ctdture 
Preparation,  Hamster  tracheal  explants  were 

*  This  research  was  supported  by  Contract  NOl  CP 
33360  from  the  Lung  Cancer  Division  of  the  National 
Cancer  Institute. 


prepared  from  6-week-old  inbred  female 
hamsters  (87.20  strain,  TELACO,  Bar  Har- 
bor, ME)  by  previously  described  methods 
(8,  9).  The  trachea  was  excised  from  the 
larynx  to  the  bronchial  bifurcation  and  im- 
mediately immersed  in  Hanks'  balanced  salt 
solution  containing  100  fig  Gentamicin  and 
SO  u  nystatin  per  ml.  The  trachea  was  then 
opened  along  the  anatomic  discontinuity  in 
the  cartilage  rings,  and  individual  rings  were 
cleaved  from  the  tissue.  Each  resulting  C- 
shaped  segment  was  cut  in  half  to  yield  ex- 
plants  with  an  epithelial  surface  approxi- 
mately 1  X  2  mm.  A  segment  of  tissue  from 
each  animal  was  fixed  in  Bouin's  solution 
before  culturing.  The  remaining  pieces  were 
then  placed  into  a  3S  mm  plastic  Petri  dish 
and  0.4  ml  of  a  test  medium  containing  50 
jLtg  Gentamicin  and  2S  u  nystatin  per  ml. 
&iplants  were  maintained  in  a  95%  air-5% 
CO2  water-saturated  environment  at  35^  and 
the  medium  changed  twice  weekly. 

Formulation  of  media.  Table  I  lists  the  nu- 
tritional constituents  present  in  Waymouth's 
MAB  87/3  medium  (10)  but  absent  from 
Eagle's  MEM  (11).  These  components  were 
divided  into  5  groups  on  the  basis  of  their 
chemical  or  nutritional  similarities.  Gioup  I 
consisted  of  insulin  and  glutathione.  Group 
II  contained  the  three  water  soluble  vitamins, 
ascorbic  acid,  B12,  and  biotin.  Group  III 
was  made  up  of  the  nucleic  add  interme- 
diates thymidine  and  hypoxanthine.  Gioup 
IV  was  composed  of  eight  inorganic  salts 
(KH2PO4,   MgCl2  6H2O,   FeS04,   CUSO4 
5H2O,     MnS04  H2O,     ZnS04  7     H2O, 
(NH4)6Mo7024  4  H2O  and  CoCk  6H2O). 
Group  V  consisted  of  eight  nonessoitial    1 
amino  acids  (L-alanine,  L-asparagine,  L-as-   ' 
partic  acid,  L-cysteine  HCl,  L-glutamic  add,   1 
glycine,  L-proline,  L-serine).  Test  media  were 
formulated  by  adding  each  nutritional  con-   | 
stituent,  or  group  of  constituents,  to  Eagle's   1 
MEM  at  the  same  concentrations  as  fouikl  in 
Waymouth's  MAB  87/3.  Since  there  are  sub- 
stantial differences  between  the  two  media  in 
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TABLE  I.  Constituents  Present  in  Waymouth's 

MAB  87/3  BUT  Absent  from  Eagle's  Minimum 

Essential  Medium  (MEM).' 


Group  I 

INSULIN  AND  GLUTA- 

Mg/L 

THIONE 

8.00 

Iimulin 

15.00 

Glutathione 

Group  II 

VITAMINS 

Ascorbic  add 

17.50 

Vitamin  B12 

.20 

Biotin 

.02 

Group  III 

NUCLEIC  ACID  IN  lER- 
MEDL\TES 

Thymidine 

8.00* 

Hypoxanthine 

25.00 

Group  IV 

INORGANIC  SALTS 

KH2PO4 

208.0 

MgQs  6HsO 

240.0 

FCSO4 

.45 

CUSO4  5H2O 

.50 

MnS04  H2O 

.016 

ZnS04  7H2O 

.030 

(NH4)6M070m  4IUO 

.025 

CoQ,  6H2O 

.022 

Group  V 

NONESSENTL\L  AMINO 
ACIDS 

L-Glutamic  add 

150.0 

60.0 

L-Serine 

12.80* 

Glycine 

50.00 

L-Proline 

50.00 

L-Cystdne-HCl 

90.00 

L-Alanine 

11.20* 

L-Asparagine 

24.00 

''Formulations  in  GIBCO  caulog,  (1973-1974), 
Grand  Island,  NY,  pp.  1 10,  120. 

*  Corrections  to  original  formulation. 

the  concentrations  of  glucose,  riboflavin,  thy- 
mine and  choline  chloride,  the  concentrations 
of  these  four  constituents  were  adjusted  to  the 
higher  concentration  in  the  Waymouth's  for- 
mulation. Media  were  sterilized  by  Millipore 
filtration  under  nitrogen  pressure  and  osmo- 
lality was  determined  with  a  Fiske  Osmo- 
meter. The  experimental  media  ranged  be- 
tween 28S  and  310  mOsmAg  water.  Since 
these  values  were  within  the  normal  range  of 
osmolalities  found  in  commonly  used  tissue 
culture  media  (12),  adjustment  of  experimen- 
tal media  was  not  considered  necessary. 

HistologiaU  techniques.  Explants  from  each 
experimental  group  were  harvested  after  4 
weeks,  fixed  in  Bouin's  solution,  dehydrated 
in  alcohol  and  embedded  in  paraffin.  Sections 
(S  fim)  were  stained  using  hematoxylin  and 
eosin  and  evaluated  according  to  the  follow- 
ing morphologic  criteria.  Specimens  exhibit- 
ing a  ciliated  columnar  epithelium  that 
showed  no  metaplastic  changes  were  classi- 


fied as  differentiated  respiratory  epithelium 
(Fig.  1  A).  If  metaplastic  changes  affected  less 
than  1S%  of  the  total  epithelial  surface,  it 
was  described  as  focal  squamous  metaplasia 
(Fig.  IB).  Specimens  with  greater  than  1S%, 
but  less  than  50%  metaplasia  were  designated 
as  moderately  metaplastic,  whereas  those  le- 
sions affecting  greater  than  S0%  of  the  epi- 
thelium were  defined  as  extensive  (Fig.  IC). 
Explants  were  assigned  a  numerical  score 
from  one  (diflerentiated)  to  four  (extensive 
metaplasia)  to  make  quantitative  characteri- 
zation of  groups  feasible.  Keratinization, 
identified  as  accumulations  of  flattened,  des- 
quamated, nucleated  or  anucleated  surface 
cells,  was  also  noted  (Fig.  ID). 

Results,  Addition  of  Single  Groups  ofNutn- 
ents.  In  a  series  of  parallel  experiments,  ex- 
plants  were  cultured  in:  (a)  MEM,  (b)  MEM 
with  one  of  the  individual  groups  of  constit- 
uents added  (Groups  I-V),  (c)  MEM  plus  all 
five  groups  of  additives  (simulated  Way- 
mouth's  MAB  87/3)  or  (d)  the  nutritionally 
complex  medium,  Waymouth's  MAB  87/3. 
Nineteen  to  38  specimens  from  each  experi- 
mental group  were  graded;  the  inclusion  of 
an  equal  number  of  explants  for  each  test 
group  in  the  analysis  was  not  possible  because 
of  sporadic  fungal  contamination  of  cultures 
and  imperfections  in  histologic  preparations. 

Figure  2A  indicates  the  relative  proportion 
of  the  specimens  with  metaplastic  changes 
after  4  weeks.  Explants  cultured  in  MEM 
usually  showed  a  differentiated  mucociliary 
epithelium,  whereas  those  maintained  in 
Waymouth's  MAB  87/3  or  the  medium  fab- 
ricated to  simulate  Waymouth's  (MEM  plus 
Groups  I-V)  exhibited  extensive  metaplasia. 
The  addition  of  insulin  and  glutathione 
(Group  I)  or  the  vitamins  (Group  II)  to  MEM 
failed  to  enhance  the  development  of  squa- 
mous metaplasia.  On  the  other  hand.  Group 
III  (the  nucleic  acid  intermediates).  Group 
rv  (the  inorganic  salts),  and  Group  V  (the 
nonessential  amino  acids)  produced  an  ap- 
parent increase  in  metaplasia. 

Due  to  the  ordinal  nature  of  the  histologic 
assessment,  a  nonparametric  multiple  com- 
parison procedure  was  used  to  search  for 
differences  in  squamous  metaplasia  between 
pairs  of  experimental  groups  at  the  95%  si- 
multaneous level  of  confidence  (13).  A  sig- 
nificant increase  in  metaplastic  activity  was 
found  with  use  of  Waymouth's  medium,  the 
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Fio.  1.  Examples  of  morphologic  criteria  for  evaluation  of  explants.  A)  Differentiated  columnar  epithelium, 
X1160.  B)  Focal  basal  cell  metaplasia,  MEM  with  addition  of  proline,  X1112.  C)  Diffuse  squamous  metaplasia, 
MEM  with  addition  of  Groups  I-V,  X1080.  D)  Squamous  metaplasia  with  keratinization,  MEM  with  addition  of 
Groups  I-V,  xl  120.  Explants  were  maintained  in  culture  for  4  weeks. 


simulated  Waymouth's  medium  and  MEM 
plus  Group  V  (as  compared  to  MEM). 

Similar  effects  were  observed  when  kera- 
tinization  was  evaluated.  Thus,  when  Group 
V  wa3  added  to  MEM,  the  results  did  not 
differ  significantly  from  those  obtained  with 
Waymouth's  and  the  simulated  Waymouth's 
medium.  Keratinization  in  explants  main- 
tained in  MEM  with  either  Group  III  or 
Group  V  was  more  prominent  than  with 
MEM  alone.  These  differences  were  statisti- 
cally significant  (14,  IS). 

Addition  of  groups  of  nutrients  in  combina- 
tion. Because  Groups  III,  IV,  and  V  ranked 
nearest  to  Waymouth's  in  the  induction  of 
metaplasia  and  keratinization,  combinations 
of  the  three  were  investigated  to  determine 
whether  or  not  their  effects  were  additive 
(Fig.  2B).  Differences  between  combinations 
were  examined  using  metaplasia  and  keratin- 
ization as  a  basis  for  assessment  (13,  IS). 
Although  the  nucleic  acid  intermediates  of 
Group  III  and  the  inorganic  salts  of  Group 
IV  appeared  to  produce  an  increase  (not  sta- 
tistically significant)  in  metaplasia  when 
added  individually  to  MEM  (Fig.  2A),  meta- 
plasia was  not  more  prominent  when  the  two 
groups  were  combined  (Fig.  2B).  Similar  it- 


sults  were  obtained  when  both  Group  IV  and 
Group  V  were  added  to  MEM.  Increased 
degrees  of  metaplasia  and  keratinization  de- 
veloped in  explants  maintained  in  MEM  with 
Groups  III  and  V  and  in  those  cultures  in 
the  simulated  Waymouth's  medium.  We  con- 
clude from  these  observations  that  Group  IV 
(the  inorganic  salts)  does  not  contain  essential 
nutritional  constituents  required  for  the  de- 
velopment of  squamous  metaplasia  and  ker- 
atinization. 

Addition  of  individual  amino  acids.  Because 
the  nonessential  amino  acids  comprising 
Group  V  were  most  effective  in  promoting 
squamous  metaplasia  and  keratinization,  an 
attempt  was  made  to  determine  whether  an 
individual  amino  acid  or  several  different 
amino  acids  induced  these  changes.  Each  of 
the  amino  acids  (L-alanine,  L-asparagine,  l- 
aspartic  acid,  L-cysteine  HCl,  L-glutamic 
acid,  glycine,  L-proline  and  L-serine)  was 
added  individually  to  MEM  at  a  concentra- 
tion of  3.72  mM  (i.e,  the  total  concentration 
of  nonessential  amino  acids  in  complete  Way- 
mouth's medium). 

The  combined  results  of  duplicate  experi- 
ments are  presented  in  Table  II.  Extensive 
sc\uamous  metaplasia  and  keratinization  de- 


NUTRITION  AND  SQUAMOUS  METAPLASIA 


503 


I      I////J 


MEM*  Group  Z 
N>54 

1 

1 

MEM«GreupI 
N-27 


IIEII«GroupB 
NOS 


Wi 


t 


KM 
50 
0 

MEM« 

N-91 

GfMP 

S 

i 

B 
100 


MEM* 
M.27 

eroyp»B.B 

w, 

//// 

MEM*0roi9tS.Z 
N«92 

i 

IIEII*Oroyp«B,a,Z 
N>I9 

i 

IICII*erowpflB,S 
N*9I 


Oiff.  FecaL  Me4.  Esttn.  Ktrot. 


Dtrf  FocoL  Med.  EifWL  Ktr of. 


.  FocoL   Mod.  E*t««i.Kcrat 


WH  Focol.  Med  EstcnKcrot. 


Fio.  2.  Features  of  the  epithelium  in  hamster  tracheal  organ  cultures  4  weeks  after  maintenance  in  Eagle*s 
EM  with  supplementation.  A)  Single  group  additive  experiments.  B)  Combination  group  experiments.  The 
fcentage  of  the  epithelium  showing  metaplasia  was  graded  on  observance  of  five  or  more  serial  sections  from 
ch  tissue.  N  >-  numbers  of  explants  graded  in  each  group. 


TABLE  II.  Addition  of  Non-Essential  Amino  Acids  to  MEM. 

Percentage  of 

Specimens  Exhibiting 

Indicated  Changes.' 

Experiment  1 

Amino  acid  (3.72  mM) 

No.  Exam. 

Difr. 

Focal 

Mod. 

Exten. 

Kcrat. 

L-Alanine 

26 

61 

39 

7 

L-Asparagine 

25 

80 

20 

0 

L-Aspartic  acid 

35 

74 

26 

2 

L-Cystcine  HCl 

25 

100 

0 

L-Gluumic  acid 

40 

55 

23 

13 

10 

18 

Glycine 

29 

44 

51 

3 

3 

L-Prolinc 

31 

74 

26 

3 

L-Serine 

23 

61 

17 

18 

4 

22 

L-Serine(l.86inA/) 

22 

73 

9 

5 

14 

18 

L-Serine  (7.44  mA/) 

14 

86 

14 

7 

L-Serine  (18.5  mA/) 

18 

28 

67 

6 

6 

Group  V 

56 

27 

19 

18 

32 

48 

Mem 

24 

71 

21 

4 

4 

4 

°  After  4  weeks  in  culture,  the  percentage  of  the  epithelium  exhibiting  squamous  metaplasia  and  keratinization 
IS  graded  independently  by  two  observers  as  described  in  the  text. 


sloped  only  in  explants  maintained  in  me- 
ium  supplemented  with  either  L-glutamic 
nd  or  L-serine.  Epithelia  cultured  in  MEM 
ith  the  addition  of  L-alanine,  L-asparagine, 


L-aspartic  acid,  L-cysteine  or  L-proline  failed 
to  develop  metaplasia  afTect^ng  greater  than 
1S%  of  the  epithelium.  The  ma^otlt.'^  ^l^Sod^sK. 
coltuxt&  wClaS6\\.tA  «l  dMRKiwoJaaXR^  \ss»K«sak. 
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Obvious  necrosis  of  epithelial  cells  and 
collapse  of  the  cartilage  ring  were  seen  in 
explants  cultured  in  L-cysteine.  Cell  death 
has  been  noted  by  others  (16)  in  monolayer 
cultures  exposed  to  cysteine  at  concentrations 
of>  1.0  mM. 

L-Serine  was  added  to  MEM  at  different 
concentrations  (1.86, 3.72, 7.44  and  18.5  mAQ 
to  determine  whether  or  not  its  effects  were 
dosage-dependent.  At  all  concentrations  but 
the  lowest,  cytotoxic  changes  were  evident  in 
explants. 

Discussion.  In  the  absence  of  either  serum 
or  vitamin  A,  the  differentiated  respiratory 
mucosa  undergoes  squamous  metaplasia 
when  cultured  in  an  enriched  synthetic  me- 
dium such  as  Waymouth's  MAB  87/3.  Since 
these  changes  do  not  develop  in  a  basal  me- 
dium such  as  Eagle's  MEM  or  Dulbecco's 
medium  (8),  one  is  obliged  to  conclude  that 
the  nutritional  additives  in  the  more  complex 
medium  stimulate  cellular  proliferation  and 
squamous  metaplasia.  This  investigation  was 
undertaken  to  define  the  specific  nutritional 
supplements  responsible  for  these  effects. 

Although  studies  using  serum-free  chemi- 
cally defined  media  have  contributed  to  our 
understanding  of  the  nutritional  require- 
ments of  continuous  lines  of  manunalian 
cells,  a  paucity  of  information  exists  concern- 
ing the  growth  requirements  of  primary  cell 
or  organ  cultures  (17).  Since  the  epithelium 
of  tracheal  organ  cultures  is  comprised  of  a 
diverse  population  of  cells,  the  specific  nutri- 
tional needs  of  each  cell  type  are  difficult  to 
assess.  Moreover,  little  is  known  concerning 
the  relationship  of  cellular  nutrition  to  differ- 
entiation. 

It  would  appear  that  nutrients  possessing 
the  capacity  to  stimulate  cell  growth  are  im- 
portant in  the  generation  of  squamous  meta- 
plasia in  respiratory  mucosa.  Since  the  vi- 
tamin A  stores  in  the  epithelium  probably 
are  limited,  the  manifestation  of  vitamin  A 
deficiency  develops  readily.  Our  observations 
indicate  that  nucleic  acid  intermediates,  in 
combination  with  nonessential  amino  acids, 
contribute  significantly  to  the  development 
of  squamous  metaplasia  in  vitamin  A-de- 
prived  tracheal  cultures.  This  might  be  re- 
lated to  a  nonspecific  growth-stimulatory  ef- 
fect of  these  constituents  as  is  observed  when 
they  are  added  to  monolayer  cultures  (18, 
IfiX  Possibly  the  d^  novo  synthesis  of  nucleic 


acid  intermediates  requires  expenditures  of 
energy  by  the  cell  that  can  be  alleviated  in 
part  by  die  addition  of  preformed  interme- 
diates. 

The  most  pronounced  enhancement  of 
squamous  metaplasia  and  keratinization  was 
produced  by  the  addition  of  nonessential 
amino  acids  to  the  culture  medium.  Although 
termed  ^^nonessential"  in  vitro  as  they  are  not 
required  for  the  growth  of  strain  l  or  HeLa 
ceUs  in  monolayer  culture  (1 1),  these  amino 
acids  influence  protein  synthesis  and  energy 
metabolism  (17).  They  can  be  incorporated 
directly  into  proteins,  utilized  as  biosynthetic 
precursors  for  important  regulatory  meta- 
bolic intermediates,  or  serve  as  allosteric  ef- 
fectors of  various  anabolic  reactions  stimu- 
lating cell  proliferation  (20).  Although  several 
laboratories  report  that  specific  essential 
amino  acids  stimulate  protein  synthesis  and 
mitotic  activity  in  cell  cultures  (21-23),  little 
work  has  been  done  to  evaluate  the  effects 
of  individual  nonessential  amino  acids  on 
growth  and  differentiation.  In  monolayers  of 
fetal  muscle  cells,  Matheson  and  Pahira  (24) 
documented  an  increase  in  myotube  forma- 
tion and  an  approximate  doubling  of  DNA 
and  protein  synthesis  with  addition  of  all 
nonessential  amino  acids  to  MEM.  Similarly, 
Griffiths  and  Pirt  (2S)  have  observed  that  a 
mixture  of  serine,  alanine  and  glycine  in- 
creases the  cell  yield  in  suspension  cultures 
of  mouse  LS  cells  when  added  to  medium 
containing  essential  amino  acids. 

In  our  experiments,  L-serine  and  L-glu- 
tamic  acid  had  more  striking  effects  on  meta- 
plasia and  keratinization  than  other  nones- 
sential amino  acids.  These  observations  can 
be  related  to  nutritional  studies  using  cells 
in  monolayer.  Phytohemagglutinin  (PHA)  or 
antigen-stimulated  human  lymphocytes  (26), 
rabbit  fibroblasts  (27)  and  cells  from  the 
limb-buds  of  rabbit  embryos  (11)  have  a  re- 
quirement for  serine  in  addition  to  essential 
amino  acids.  In  clonal  populations  of  HeLa 
cells,  nonessential  amino  acids  also  become 
essential  for  optimum  growth  and  survival 
(28).  In  these  experiments,  the  addition  of 
serine  alone  is  able  to  replace  the  group  mix- 
ture. Presumably,  under  normal  circum- 
stances, serine  is  lost  from  the  intracellular 
pool  into  the  medium  at  a  rate  exceeding  the 
capacity  of  the  cells  to  synthesize  the  amino 
acid  (11). 
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utamine  is  the  growth-limiting  essential 

0  acid  in  most  cell  cultures  because  of 
pid  uptake  by  the  cells  and  its  instability 
dture  medium  (29).  However,  cells  can 
dapted  to  growth  at  high  levels  of  glu- 
z  add  when  substituted  for  glutamine 
Demars  has  observed  increased  amounts 
e  enzyme  glutamine  synthetase  in  these 
res  (31). 

sulin  and  glutathione  did  not  promote 
mous  metaplasia  in  explanted  tracheal 
5.  Although  insulin  stimulates  growth  in 
)  mammalian  cell  lines  (32),  insulin  and 
.thione  failed  to  affect  epithelial  differ- 
tion  in  our  experiments.  The  vitamins 
seemed  unimportant.  Since  the  amounts 
lese  components  required  for  maximal 
th  of  many  cell  lines  are  small  (32), 
lementation  probably  does  not  affect 
th  in  an  additive  fashion.  Ascorbic  add, 
din  Bi2  and  biotin  are  not  absolute  re- 
;ments  for  the  sustained  growth  of  mam- 
em  cells  in  viiro  (30). 

mmary.  The  mucociliary  epithelium  of 
idult  hamster  trachea  undergoes  squa- 
s  metaplasia  in  organ  culture  when  main- 
d  in  a  complex,  chemically-defined  me- 

1  (Waymouth's  MAB  87/3)  without  se- 
This  change  fails  to  develop  in  explants 
ired  in  Eagle's  minimum  essential  me- 
I  (MEM)  (8, 9).  To  determine  the  factors 
loting  squamous  metaplasia,  nutritional 
tituents  in  Waymouth's  MAB  87/3  me- 
I  but  not  present  in  MEM  were  divided 
five  groups:  (a)  insulin  and  glutathione, 
itamins  C,  B12  and  biotin,  (c)  nucleic 
intermediates,  d)  inorganic  salts  and  e) 
ssential  amino  adds.  Test  media  were 
ulated  by  adding  each  group  or  combi- 
»ns  of  groups  to  Eagle's  MEM.  Organ 
ires  were  maintained  in  the  test  media 
weeks  and  then  examined  histologically, 
nonessential  amino  adds  were  most  im- 
mt  in  enhancing  metaplasia  and  keratin- 
m.  When  nonessential  amino  adds  were 
d  individually  to  MEM,  L-glutamic  add 
L-serine  seemed  most  influential  in  in- 
ig  metaplastic  changes. 
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Although  human  red  cells  normally  have 
only  small  amounts  of  intracellular  Ca*'*'  (ca. 
20  liM)^  cellular  Ca*'*'  concentrations  may  be 
greatly  increased  through  incubation  of  hu- 
man erythrocytes  with  the  ionophore,  A23 1 87 
("Caldmycin").  A23187  allows  the  free  pas- 
sage of  divalent  cations,  notably  Ca*'*'  and 
Mg*'*',  across  biological  membranes  until 
equilibrium  is  established  (1-3).  Such  artifi- 
cial Ca*'*'  loading  of  human  and  animal  eryth- 
rocytes does  extensive  damage  as  reflected 
by  (i)  marked  shape  changes;  (ii)  concomitant 
loss  of  cell  water  and  K'*';  (iii)  increased  mean 
cell  hemoglobin  concentration  (MCHC);  (iv) 
profound  and  rapid  hydrolysis  of  intracellu- 
lar adenosine  triphosphate  (ATP),  presum- 
ably due  to  stimulation  of  membrane  Ca***" 
efHux  ATPase;  (v)  decreased  osmotic  fragil- 
ity; and  (vi)  stiffening  of  the  red  cell  mem- 
brane (2-10).  We  have  suggested  that  similar 
Ca*'*'-induced  cellular  damage  may  underlie 
the  formation  of  irreversibly  sickled  cells  in 
patients  with  sickle  cell  disease  (6,  7,  9,  11). 
These  permanently  deformed  cells  have  ab- 
normally large  amounts  of  Ca***"  and  possess 
most  of  the  characteristics  of  Ca*'*'-laden  nor- 
mal erythrocytes,  being  dehydrated,  distorted 
and  energy  depleted  (11-13). 

We  have  since  determined  that  red  cells 
from  diverse  species  of  mammals,  including 
rats,  mice,  rabbits  and  pigs,  respond  as  do 
human  erythrocytes  to  ionophore-induced 
Ca***"  influx.  Most  recently,  we  have  investi- 
gated the  effects  of  elevated  intracellular  Ca*'*' 
on  red  cells  from  newborn  and  adult  sheep. 
Whereas  most  red  cells  from  newborn  sheep 
are  (3a*'*'  responsive,  those  from  adult  sheep 
are  not. 

Maierials  and  methods.  In  all  experiments 
reported  here,  heparinized  blood  from  sheep 
and  humans  was  kept  on  ice  and  used  within 
4  hr  of  venipuncture.  Intracellular  Ca**  con- 
centrations were  measured  on  saline  washed 
erythrocytes  by  atomic  absorption  spectros- 


copy as  described  earlier  (1 1).  ATP  was  mea- 
sured by  the  technique  of  Beutler  (14). 

Incubations  with  ionophore.  In  all  experi- 
ments, erythrocytes  were  washed  3  tima 
with,  and  resuspended  in,  Ca**^-  and  Mg**- 
free  Hank's  balanced  salt  solution,  20  mM 
in  Tris  (tris[hydroxymethyl]aminometliane). 
At  the  beginning  of  each  incubation,  50  nM 
A23187  was  introduced,  dissolved  and  di- 
luted as  previously  reported  (9).  Incubations 
were  conducted  for  60  min  at  37^  with  cell 
suspensions  of  hematocrit  3S%  (v/v).  Ca^^, 
when  present,  was  added  to  a  final  concen- 
tration of  SO  liAi.  Control  samples  had  nc 
added  Ca***"  and  contained  1  mM  ethylene- 
glycol-bis-(a-amino-ethyl  eCher)JV,Ar-tetra' 
acetic  add  (EGTA)  to  chelate  any  residual 
Ca**. 

Co**  A  TPase  assays.  Ca**  ATPase  activit) 
was  estimated  in  crude  lysates  of  thrice  saline 
washed,  packed  erythrocytes,  lysed  by  sonic 
disruption  and  by  freezing  and  thawing  once 
Control  experiments  indicated  that,  althougt 
Ca***"  ATPase  activity  requires  the  presena 
of  membranes,  washing  i^  cell  membrane 
after  lysis  causes  progressive  diminuation  o: 
Ca***"  ATPase  activity.  Reaction  mixtures  con 
tained  0.28  ml  of  crude  lysate,  0.2  ml  of  10( 
mM  Tris  buffer,  pH  7.2,  containing  2  mh 
MgCl2, 0.02  ml  of  30  mM  ouabain  (to  inhibi 
NaVK*  ATPase),  0.02  mlof60mMATP,0.0( 
ml  of  500  /iM  A23187  (to  ensure  availabilit 
of  Ca***"  to  membrane  ATPase  sites),  an 
either  0.02  ml  of  100  mM  neutndized  EGT> 
or  0.02  ml  of  1.S  mM  CaCb  (total  volume  o 
reaction  mixture  —  0.60  ml).  ATPase  activit 
was  determined  by  measuring  the  ATP  coi 
tent  of  the  reaction  mixtures  at  0  time  an 
after  60  min  incubation  at  37^  (during  wUc 
time  the  rate  of  ATP  hydrolysis  was  appra 
imately  linear).  Conditions  of  assay,  mdtoi 
ing  concentrations  of  Mg**,  Ca**,  EOT/ 
and  ATP  were  experimentally  (^)timiz)ed  fie 
human  erythrocyte  (Ta**  ATPase. 
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Results,  The  effects  of  ionophore-induced 
Ca^^  influx  upon  human  and  adult  sheep 
erythrocytes  are  strikingly  discrepant.  Hu- 
man erythrocytes,  during  60  min  incubation 
with  A23187  and  Ca^*,  become  "spheroe- 
chinocytic'*  in  shape,  lose  volume,  become 
osmotically  less  fragUe  and  hydrolyze  most 
of  their  intracellular  ATP  (Fig.  lA  and  IB, 
Table  I). 

In  contrast,  erythrocytes  from  adult  sheep 
do  not  change  shape  (Fig.  IC  and  ID),  show 
no  detectable  increase  in  MCHC,  retain  their 
original  osmotic  fragility  and  hydrolyze  rel- 
atively little  of  their  original  ATP  (Table  I). 
The  lack  of  response  of  sheep  red  cells  to 


Ca^**"  influx  is  not  due  to  an  insensitivity  of 
these  cells  to  the  Ca^**"  ionophore;  sheep  eiyth- 
rocytes,  which  normally  have  low  intracellu- 
lar Ca^'*',  accumulate  almost  as  much  Ca^'*' 
as  do  human  red  cells  during  60  min  incu- 
bation with  A23187  and  Ca*^  (Table  I).  In 
other  experiments,  the  inclusion  of  as  much 
as  10~^  M  Ca^'^  elicited  no  response  from  red 
cells  of  adult  sheep  in  any  of  these  parame- 
ters. Furthermore,  sheep  red  cells  previously 
ATP  depleted  by  incubation  wiUi  sodium 
fluoride  do  not  change  shape  or  shrink  when 
subsequently  incubated  with  A23187  and 
Ca^^.  Similarly  ATP  depleted  human  red 
cells  retain  their  tendency  to  shrink  and 


a 

i 
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d 
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Fio.  1 .  Scanning  election  micrographs  showing  morphologic  effects  of  ionophore-induced  Ca^*^  accumulation  on 
human,  adult  sheep  and  newborn  lamb  red  cells.  Human  erythrocytes,  incubated  with  A23187  and  EGTA,  remain 
normally  shaped  biconcave  discs  (A)  (x  2900),  whereas  incubation  with  A23187  and  Ca'*^  causes  the  formation  of 
spiky  **spheroechinocytes**  (B)  (x  2500).  Similarly  treated  adult  sheep  red  cells  remam  biconcave  discs  whether 
exposed  to  A23187  and  EGTA  (C)  (X  4500)  or  Ca'^  (D)  (X  4200).  Erythrocytes  from  newborn  lambs,  although 
morphologically  normal  in  the  presence  of  A23187  and  EGTA  (E)  (x  3000),  become  spheroechinocytes  when 
exposed  to  A23187  and  Ca'^  (F)  (x  2500).  All  cells  were  fixed  in  phosphate  buffered  formalin  after  60  min 
incubation.  Other  experimental  conditions  as  given  in  the  legend  to  Table  I. 
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TABLE  1.  Characteristics  of  Human,  Adult  Sheep  and  Newborn  (24-hr  Old)  Lamb  Red  Cells 
Before  and  After  Incubation  with  A23I87  and  EGTA  or  Added  Ca^*.  Values  in  Parenthlsls 

Represent  ±1  SD. 


Human 

Adult  sheep 

Newborn  sheep 

Characteristic 

(1-12) 

(/I-I2) 

(1  =  5) 

MCHC  (gm  Hb/dl  RBC) 

A.  Unincubatcd" 

35.1  (±1.0) 

34.7  (±1.2) 

33.7  (±1.9) 

B.  A23187  +  EGTA* 

34.4  (±1.2) 

34.7  (±1.3) 

33.5  (±0.7) 

C  AiaiST  +  Ca^**^ 

44.6  (±3.1) 

34.5  (±1.1) 

41.2  (±3.0) 

ATP  QiM/ffa  Hb) 

A.  Unincubated 

3.85  (±0.51) 

2.43  (±0.42) 

2.15  (±0.30) 

B.  A23187  +  EGTA 

3.70  (±0.60) 

2.15  (±0.64) 

1.78  (±0.58) 

C  A23187  +  Ca*^ 

0.60  (±0.53) 

1.84  (±0.53) 

0.51  (±0.32) 

Osmotic  fragility  (%NaCl  @  50%  he- 

molysis) 

A.  Unincubated 

0.43  (±0.02) 

0.62  (±0.03) 

— 

B.  A23187+EGTA 

0.43  (±0.04) 

0.61  (±0.04) 

— 

C  A23187  +  Ca** 

0.28  (±0.04) 

0.64  (±0.05) 

— 

IntraceUular  Ca**  OiM/1  RBC) 

A.  Unincubated 

24.3  (±9.1) 

29.5  (±6.5) 

31.1  (±8.4) 

B.  A23i87  +  EGTA 

<10 

<10 

<10 

C  A23187  +  Ca** 

160.2  (±27.1) 

138.3  (±21.1) 

— 

Predominant  cell  shape 

A.  Unincubated 

biconcave  discs 

biconcave  discs 

B.  A23187  +  EGTA 

biconcave  discs 

biconcave  discs 

biconcave  discs 

C  A23187  +  Ca** 

spheroechinocytes 

biconcave  discs 

spheroechinocytes  (^70%) 

"  Fresh  red  cells. 

*  Red  cells  incubated  60  min  with  A23 187  and  EGTA. 

^  Red  cells  incubated  60  min  with  A23187  and  Ca-**. 


change  shape  when  Ca^'*'  loaded  (9).  Fluo- 
ride-induced energy  depletion  alone  has  no 
efTect  upon  the  shape  of  either  human  or 
sheep  erythrocytes.  Therefore,  the  insensitiv- 
ity  of  sheep  red  cells  to  intracellular  Ca^**"  is 
not  explained  by  a  failure  of  these  cells  to 
accumulated  Ca^"*",  or  by  insufKcient  Ca*"*" 
concentrations  in  the  incubation  medium,  or 
simply  by  their  failure  to  become  ATP  de- 
pleted. 

Suspension  of  human  erythrocytes  in  iso- 
tonic KCl  during  ionophore-induced  Ca^'*' 
loading  will  block  both  cellular  shrinkage 
and  shape  change  (but  not  ATP  hydrolysis) 
(9).  This  is  presumably  due  to  inhibition  of 
passive  cellidar  K**"  loss  by  the  high  extracel- 
lular K**"  concentrations.  Sheep  are  poly- 
morphic with  regard  to  red  cell  K**"  content, 
and  some  have  high  Na**"  and  low  K**"  eryth- 
rocytes (IS,  16),  apparently  due  to  a  defi- 
ciency of  membrane  Na"*"  -  K"*"  ATPasc  (17, 
18).  Using  red  cells  from  3  high  K^  and  3 
low  K**"  ewes,  we  sought  to  determine  whether 
this  ionic  peculiarity  might  explain  the  lack 
of  responsiveness  to  Ca^"*"  influx.  First,  eryth- 
rocytes from  both  high  K'*'  and  low  K'*'  sheep 
were  exposed  to  ionophore  and  Ca^**".  All 


parameters  shown  in  Table  I  were  measuitc 
and  neither  cell  type  responded  detectaUy 
Second,  we  suspended  high  K**"  and  tow  R^ 
sheep  erythrocytes  in  both  isotonic  NaQ  uk 
isotonic  KCl  and,  again,  observed  no  le 
sponse  to  calcium  influx  (results  not  shown] 
These  two  experiments  indicate  that  the  is 
herited  variation  in  monovalent  cation  ooa 
tent  of  sheep  erythrocytes  is  not  diiectty  le 
sponsible  for  the  lack  of  response  to  Ca^ 
influx. 

Because  red  cells  from  adult  sheq>  hydni 
lyze  little  intracellular  ATP  when  exposed  I 
A23187  and  Ca^^  we  measured  the  Ca^ 
ATPase  activity  of  crude  lysates  of  both  hn 
man  and  adult  sheq>  erythrocytes.  Humai 
erythrocytes  display  a  very  active  Ca**  ATI 
ase  in  such  preparations,  consuming  ahnoi 
as  much  ATP  as  do  whole  cells  under  simili 
conditions  (Table  II).  However,  lysates  c 
adult  sheep  erythrocytes  have  very  little  C^ 
ATPase  activity,  in  agreement  with  the  lac 
of  Ca^^-induced  ATP  hydrolysis  by  whol 
sheep  erythrocytes  (Tables  I  and  II).  Tk 
stability  of  ATP  in  dieep  erythrocytes  iiici 
bated  with  A23187  and  Ca^^,  therefore,  af 
pears  to  be  due  to  a  congenital  absence  c 
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TABLE  1L- 

n 

ATP 

+EGTA 

1.95  (±0.54) 
2.86  (±0.61) 
3.35  (±1.06) 

hydi 

rolyzed  (nM/g  Hb/hour) 

+Ca*^ 

Ca=^^  ATPasc  Activity 

nan 

lit  Sheep 

^bom  Lambs 

7 
5 
10 

5.04  (±0.46) 
2.97  (±0.58) 
6.54  (±1.13) 

3.09  (±0.82) 
0.11  (±0.18) 
3.19  (±0.90) 

ATPase  activity  of  crude  lysates  of  human,  adult  sheep  and  newborn  (24-hr  old)  lamb  red  cells.  Values  in 
ses  represent  ±1  standard  deviation.  Ca^*^  ATPase  activity  is  expressed  as  /lA/  ATP  hydrolyzed/g  Hb/hour 
It  of  the  addition  of  Ca^*^  to  the  assay  mixture.  It  represents  the  value  obtained  by  subtraction  of  the  ATP 
IS  in  Ca^'^-free  samples  (+EGTA)  from  the  ATP  hydrolysis  in  Ca**-containing  samples  (+Ca**). 


/c  membrane  Ca*"*"  efflux  ATPase. 
ontrast  to  erythrocytes  from  adult 
those  from  all  newborn  lambs  have 
vels  of  intracellular  K**"  and  have  an 
^a*-K*  ATPase,  regardless  of  the  ul- 
red  cell  K"*"  phenotype  of  the  ofTspring 
).  We  therefore  investigated  the  Ca^**" 
dveness  of  red  cells  drawn  from  lambs 
m  24  hr  old.  Surprisingly,  we  found 
whom  lamb  red  cells  respond  to  Ca^^ 
precisely  as  do  human  r^  cells.  That 
cells  from  newborn  lambs  shrink, 
shape,  and  hydrolyze  large  amounts 
icellular  ATP  (Fig.  IE  and  IF,  Table 
ites  of  lamb  erythrocytes  also  have  a 
ctive  Ca^**"  ATPase,  similar  to  that 
in  normal  human  red  cells  (Table  II). 
light  be  expected  from  the  presence 
rtain  number  of  adult  red  cells,  eryth- 
firom  newborn  lambs  are  mosaic  in 
isponse  to  Ca^'*'  influx;  approximately 
7  of  these  cells  shrink  and  become 
schinocytes,  whereas  20-30%  are  mor- 
ically  unaffected  (Fig.  IF).  The  frac- 
'  Ca^'*'-responsive  cells  gradually  de- 
ls the  lamb  matures,  and  all  red  cells 
•month-old  lambs  are  morphologically 
^ed  by  Ca^'*'  influx.  It  appears  that,  in 
t  to  red  cells  from  adult  sheep,  those 
lewbom  lambs  have  a  multitude  of 
characteristics,  including  increased 
***  ATPase  activity,  fetal  hemoglobin 
we  have  shown  here,  very  active  Ca^"*" 
t  and  Ca^'*'-responsive  red  cell  mem- 
All  these  properties  appear  to  change 
«rt  as  the  animal  matures. 
\ission.  The  lack  of  responsiveness  of 
lieep  erythrocytes  to  intracellular  Ca^**" 
s  at  least  two  puzzling  questions.  First, 
hard-put  to  explain  the  maintenance 
levels  of  intracellular  Ca^'*'  in  vivo  in 
6  of  an  almost  total  lack  of  membrane 


Ca^^  efflux  ATPase  activity.  This  may  be 
explained  either  by  an  impermeability  of  the 
sheep  red  cell  to  external  Ca^"*"  or  by  the 
presence  of  a  membrane  Ca^**"  ATPase  which 
has  a  very  low  Vmax  but  a  high  Km  for  Ca^"*". 
Equally  puzzling  is  the  fact  that  polyacryl- 
amide  gel  electrophoresis  of  membranes  from 
adult  sheep  erythrocytes  reveals  the  presence 
of  proteins  similar  to  both  spectrin  and  actin. 
These  two  proteins  are  thought  to  be  the 
major  Ca^'*"-responsive  proteins  in  the  eryth- 
rocyte membrane  (20-22).  Indeed,  in  irre- 
versibly sickled  cells  from  patients  with  sickle 
cell  disease,  these  two  proteins  form  a  mesh- 
work,  insoluble  in  Triton  X-100,  which  re- 
tains the  shape  of  the  intact  cell  (23).  How- 
ever, adult  sheep  erythrocytes,  despite  the 
presence  of  these  two  major  membrane  pro- 
teins, do  not  respond  to  Ca^**"  influx.  This 
indicates  that  other  proteins,  not  yet  identi- 
fied, may  be  a  necessary  part  of  the  Ca^'*'- 
reactive  apparatus  of  the  erythrocyte  mem- 
brane. 

The  dichotomous  responses  of  adult  sheep 
and  newborn  lamb  red  cells  to  intracellular 
Ca^**"  may  represent  a  promising  model  for 
the  further  elucidation  of  the  mechanisms  of 
Ca^'*'-induced  damage  to  red  cells  and  of  the 
ways  in  which  erythrocytes  respond,  meta- 
boUcally  and  morphologically,  to  increased 
intracellular  Ca^'*'. 

Summary.  Normal  mammalian  erythro- 
cytes contain  very  small  amounts  of  Ca^'*'. 
When  erythrocytes  from  most  species  of 
mammal  are  subjected  to  ionophore-induced 
Ca^**"  accumulation,  extensive  morphologic 
and  metabolic  damage  occurs.  This  is  not 
true  of  red  cells  from  adult  sheep;  these  cells 
appear  to  be  totally  unresponsive  to  sudden 
increases  in  intracellular  Ca^'*'.  In  contrast, 
red  cells  from  new  bom  lambs  are  responsive 
to  Ca^"*"  influx  and  gradually  bec«TfiA  >qss3«.- 
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sponsive  during  maturation  of  the  animal. 
Although  the  precise  reasons  for  the  lack  of 
response  of  adult  sheep  erythrocytes  to  Ca^**" 
accumulation  is  unknown,  this  system  may 
provide  a  valuable  model  for  the  dissection 
of  the  various  effects  of  Ca^'*'  upon  cells  and 
cell  membranes. 

This  work  was  supported  by  National  Institutes  of 
Health  Grant  Nos.  HL-1S169,  HL-16833  and  HL-1 1880. 
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Sera  from  tumor-bearing  men  and  animals 
contain  immune  complexes  (1,  2).  It  was 
shown  that  immune  complexes  in  the  sera 
from  tumor-bearing  animals  are  composed  of 
the  tumor  antigen  and  its  corresponding  an- 
tibody (2).  These  sera  may  block  cytotoxic 
activity  of  lymphocytes  in  viiro  (for  refer- 
ences, see  3)  and  enhance  tumor  growth  (4). 
One  could  imagine  that  immune  complexes 
from  sera  of  the  tumor  bearers  may  specifi- 
cally bind  to  lymphocytes  or  nonspecifically 
attach  to  Fc  receptors  of  killer  lymphocytes 
and  inactivate  them.  These  complexes  may 
also  attach  to  tumor  cells  in  the  same  manner 
and  mask  tumor  specific  transplantation  an- 
tigen. This  raises  the  question  whether  tumor- 
unrelated  immune  complexes  can  attach  to 
Fc  receptors  of  the  killer  lymphocytes  or 
tumor  cells  and  inhibit  anti-tumor  response 
of  the  host.  If  this  were  the  case,  enhancement 
of  tumor  growth  in  the  host  with  high  level 
of  the  circulating  immune  complexes  should 
be  expected. 

Formation  of  immune  complexes  in  circu- 
lation and  their  deposition  in  the  kidneys 
have  been  observed  in  rabbits  (5)  and  mice 
(6)  injected  with  antigen  for  a  period  of  sev- 
eral months.  In  the  present  study,  tumor 
growth  was  investigated  in  mice  immunized 
for  4-5  months  with  tumor-unrelated  anti- 
gens. 

Materials  and  methods.  Animals,  C3H/ 
HeHa  mice,  12  weeks  old,  from  West  Seneca 
Laboratories,  West  Seneca,  N.Y.,  were  used 
in  this  study.  The  immunized  and  control 
animals  were  without  any  clinical  signs  of 
infection  or  sickness  during  the  experimental 
period.  Death  of  30%  of  the  immunized  mice 
was  due  to  the  anaphylactic  shock. 

Tumor  tissue.  Methylcholanthrene-induced 
sarcoma,  MCSa-22  was  originally  produced 
in  this  laboratory  by  subcutaneous  injection 
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of  the  carcinogen  into  a  C3H/HeHa  mouse. 
This  tumor  was  maintained  by  transplanta- 
tion in  the  strain  of  origin.  Tumor  tissue 
collected  within  2-3  weeks  after  transplanta- 
tion into  normal  mice  was  used  in  hemad- 
sorption tests  and/or  for  preparation  of  the 
tumor  cell  suspensions.  Neoplastic  tissue  was 
minced,  trypsinized  and  washed.  Then  sus- 
pensions were  prepared  that  contained  10^, 
10^,  10^  or  10^  cells  in  0.2  ml  of  TC-199 
medium  supplemented  with  0.02  M  L-gluta- 
mine,  100  U  of  penicillin  and  100  mg  strep- 
tomycin/ml. These  tumor  cells  were  injected 
subcutaneously  into  experimental  (immu- 
nized) and  control  (unimmunized)  mice. 
Cryostat  sections  of  tumors  collected  from 
immunized  and  control  mice  were  tested  for 
hemadsorption  (see  below). 

Immunization  and  immune  sera.  Mice  from 
one  group  were  immunized  daily  for  4  to  S 
months  with  bovine  serum  albumin  (BSA) 
(Miles  Laboratories,  Inc.,  Elkhart,  IN).  The 
antigen  was  injected  intravenously  (iv)  into 
the  caudal  tail  vein  at  the  dosage  of  0.2  mg  in 
0.2  ml  of  phosphate  bufTered  saline  (PBS). 
Mice  from  another  group  were  not  immu- 
nized and  served  as  a  control.  Mice  from  both 
groups  were  trial  bled  at  the  end  of  the  third 
month  of  the  immunization  before  injection 
with  tumor  cells  and  were  terminally  bled  in 
the  4th  and  5th  month  of  the  experimental 
period. 

In  another  experiment,  mice  were  injected 
intraperitoneally  (ip)  with  ovalbumin  (OA) 
(Sigma  Chemical  Company,  St.  Louis,  MO). 
Here,  again,  daily  injections  of  0.2  mg  of 
antigen  in  0.2  ml  of  PBS  were  administered. 
The  immune  mice  and  corresponding  control 
mice  were  bled  out  at  the  end  of  the  4th 
month  of  the  experimental  period. 

All  sera  were  stored  at  —70*^  and  thawed 
quickly  before  testing.  These  sera  were  tested 
'  for  circulating  immune  complexes  and  for 
inhibition  of  hemadsorption  (see  below). 

Hemadsorption  and  \nK\b\\\ol^  o^  VeTivoA.- 
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sorption.  Hemadsorption  by  cryostatcut  tissue 
sections  was  performed  as  previously  de- 
scribed (7).  Briefly,  lO/iim  thick  tissue  sections 
were  placed  on  coverslips  and  dried  at  room 
temperature.  Wells  of  microculture  slides 
were  filled  with  a  suspension  of  sheep  eryth- 
rocytes sensitized  by  a  selected  subagglutin- 
ating  dilution  of  a  rabbit  anti-sheep  erythro- 
cyte serum.  The  wells  were  sealed  with  the 
coverslips  in  such  a  way  that  the  tissue  section 
was  submerged  in  the  suspension  of  sensitized 
erythrocytes.  The  preparations  were  incu- 
bated coverslip  down  for  1  hr  at  room  tem- 
perature. Then  they  were  turned  coverslip  up 
and  left  in  this  position  at  room  temperature 
to  allow  unattached  erythrocytes  to  fall  down 
from  the  tissue.  The  sections  were  examined 
microscopically  at  low  magnification.  Adher- 
ence of  erythrocytes  to  the  sections  was  re- 
corded as  a  positive  hemadsorption  test.  If  a 
tissue  section  was  completely  covered  by 
erythrocytes,  the  test  was  graded  as  4+.  A 
reaction  was  considered  2+  if  approximately 
half  the  tissue  was  covered  by  erythrocytes. 
Sparsely  attached  erythrocytes  on  the  tissues 
were  considered  as  a  1+  reaction.  Absence  of 
erythrocytes  from  the  tissue  was  recorded  as 
a  negative  result. 

Inhibition  studies  were  performed  by  in- 
cubating tissue  sections  with  various  sera  for 
20  min  in  a  moist  chamber  at  room  temper- 
ature (8).  Subsequently,  the  tissue  sections 
were  washed  three  times  in  PBS  and  the 
hemadsorption  test  was  performed  as  de- 
scribed above.  The  lowest  concentration  of 
rabbit  anti-sheep  erythrocyte  serum  used  for 
sensitization  of  sheep  erythrocytes  which 
showed  4+  hemadsorption  was  determined 
for  each  tumor  specimen  and  employed  in 
the  inhibition  studies. 

Detection  of  immune  complexes.  Immune 
complexes  in  circulation  were  detected  by 
using  the  Raji  cell  test  (9)  in  a  modification 
recently  described  (10).  Briefly,  a  suspension 
of  Raji  cells  (kindly  supplied  by  Dr.  T.  Flan- 
agan of  the  Department  of  Microbiology, 
SUNY  at  Bufl'alo,  Buffalo,  N.Y.)  were  har- 
vested 72  hr  after  transfer.  Fifty  /lil  of  Raji 
cells  in  RPMI-1640  medium  (Associated 
Biomedic  Systems,  Inc.,  Buffalo,  N.Y.)  at  a 
concentration  of  5  x  10®  cells/ml  were  incu- 
bated at  4"*  for  30  min  with  50  [A  of  the  tested 
serum  or  one  of  its  dilutions.  Subsequently, 


cells  were  washed  with  RPMI  medium  and 
stained  at  4^  for  30  min  with  25  /d  of  fluores- 
cein isothiocyanate  (FITC)-labelcd  rabbit 
anti-murine  IgG  serum,  with  25  yl  of  FITC- 
labeled  rabbit  anti-BSA  serum,  or  with  25  /il 
of  FITC-labelcd  rabbit  anti-OA  serum.  Cells 
were  then  washed  twice  in  RPMI  medium 
and  twice  in  PBS.  One  drop  of  the  suspension 
was  placed  on  a  microscope  slide  and  dried 
under  a  fan.  Raji  cells,  incubated  in  the  me- 
dium and  then  stained  with  FITC-conjugated 
sera,  served  as  a  control.  Immune  complexes 
in  the  cryostat-cut  sections  of  the  kidney  were 
detected  by  staining  with  the  same  FITC- 
conjugated  rabbit  antisera. 

Experimental  design.  At  the  time  when  im- 
mune complexes  were  detected  in  the  kidneys 
from  randomly  selected  immunized  animals 
(approximately  at  3  months  of  the  immuni- 
zation), all  experimental  and  corresponding 
control  mice  were  divided  into  groups  and 
injected  with  10^,  10*,  10^  or  10^  tumor  cells. 
Cells  from  the  22nd  passage  of  the  syngenic 
tumor  were  injected  into  OA-immunized  and 
corresponding  control  mice,  whereas  BSA 
immunized  mice  and  corresponding  control 
mice  were  injected  with  the  cells  from  the 
33rd  passage  of  the  same  transplantable  tu- 
mor. Subsequently,  growth  of  the  tumor  was 
inspected  daily.  At  the  end  of  the  experiment 
all  animals  were  bled  out  and  the  tumor  was 
excised  and  weighed. 

Statistical  analysis.  Data  were  analyzed  b) 
student^s  /  test. 

Results.  Rate  of  tumor  growth.  At  the  time 
when  deposits  of  immune  complexes  in  the 
kidneys  and  circulating  immune  complexes 
in  the  sera  of  BSA-immunized  mice  could  be 
demonstrated,  the  mice  were  divided  intc 
three  groups  and  injected  with  10*,  10^  anc 
10^  tumor  cells,  respectively.  Three  groups  o! 
control  mice  were  injected  with  similar  num 
bers  of  the  tumor  cells.  Figure  1  shows  th< 
results  of  this  experiment.  In  all  immunizec 
and  control  mice  injected  with  10*  and  10 
tumor  cells,  tumors  developed  in  8-17  day 
after  injection.  All  immunized  mice  injectec 
with  lOr  tumor  cells  developed  tumors  at  th< 
same  time.  However,  only  three  often  contro 
mice  injected  with  10^  tumor  cells  developec 
tumors  at  that  time.  Three  additional  mice  oi 
this  group  developed  tumors  within  43  days 

Figure  2  shows  the  effect  of  prolonged 
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lunization  with  OA  on  the  rate  of  tumor 
¥th.  When  immune  complexes  appeared 
he  kidneys  of  OA-injected  mice,  immu- 
id  and  control  mice  were  divided  into 
«  groups  and  injected  with  10^,  10^  and 
tumor  cells.  Tumors  were  detectable  on 
12th  day  after  injection  in  all  mice  except 
control  mice  injected  with  10^  tumor  cells, 
his  group,  tumor  developed  only  in  six  of 
mice  and  the  remainder  did  not  change 
ing  21  days  of  observation. 
'umor  weight.  In  the  experiments  with 
Sl  immunization,  the  tumors  from  mice 
cted  with  10*,  10^  and  10^  cells  were  ex- 
d  and  individually  weighed  on  the  28th, 
1  and  43rd  day  after  injection,  respec- 


12         «        20        24        28   35        43 

Ooys  After  Injection 
IG.  1.  Tumor  growth  in  BSA-immunized  and  con- 
mice  injected  with  10^,  10*  and  10^  syngenic  tumor 


tively.  Table  I  demonstrates  the  effect  of  long- 
term  immunization  with  BSA  on  the  weight 
of  tumor  mass.  In  all  groups,  tumors  from 
immunized  mice  weighed  significantly  more 
than  tumors  from  control  animals. 

Tumors  from  OA-immunized  mice  and 
corresponding  control  mice  were  excised  and 
weighed  on  the  21st  day  after  injection  with 
10^  and  10^  tumor  cells.  Weight  of  the  tumors 
from  immunized  mice  injected  with  10^  tu- 
mor cells  was  significantly  greater  than  that 
of  control  mice  injected  with  the  same  num- 
ber of  tumor  cells.  Tumor  weight  did  not 
significantly  differ  between  immunized  and 
control  mice  injected  with  10^  of  the  tumor 
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Ooys  After  Injection 
Fig.  2.  Tumor  growth  in  OA-immunized  and  control 
mice  injected  with  10^,  10^  and  10'  syngenic  tumor  cells. 


TABLE  I.  Effect  of  Prolonged  Immunization  of  Mice  with  BSA  or  OA  on  the  Weight  of  the 

Tumor. 


Weight  of  tumon  (mg)  from 

mice  injected  with  tumor  cells 

Mice 

10* 

10* 

10» 

10» 

Immunized*  with  BSA 
Control 

Immunized^  with  OA 
Control 

ND* 

ND 
1235  ±  266* 
448±90 

1326  ±336'* 
470  ±72 

ND 

ND 

1438  ±  209* 
433  ±86 
385  ±  108 
272  ±  102 

1831  ±  354* 
416  ±140 
ND 
ND 

Tumors  from  BSA-immunized  and  control  mice  injected  with  10*,  lO',  and  10*  tumor  cells  were  excised  and 

;hed  on  the  28th,  35th  and  43rd  day  after  injection,  respectively. 

Not  done. 

Mean  ±  SD. 

Tumors  from  OA-immunized  and  control  mice  injected  with  10^  and  10^  tumor  cells  were  excised  and  weighed 

he  21st  day  after  injection. 

Denotes  sUtisticaUy  different  from  control  at  JP<0.05. 
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cells  (Table  I). 

Hemadsorption  and  inhibition  of  hemad- 
sorption, Cryostat  sections  of  tumors  from 
mice  immunized  with  BS A  or  OA  and  control 
mice  did  not  show  any  difference  in  the  ad- 
sorption of  the  sensitized  sheep  erythrocytes. 
Sera  from  tumor-bearing  mice  immunized 
with  either  BSA  or  OA  markedly  inhibited 
hemadsorption,  whereas,  sera  from  tumor- 
bearing  non-immunized  mice  and  from  nor- 
mal mice  did  not  inhibit  hemadsorption.  Ta- 
ble II  presents  results  of  such  inhibition  ex- 
periments in  which  hemadsorption  by  tumor 
tissue  and  by  normal  spleen  tissue  was  ex- 
amined. 

Immune  complexes  were  deposited  in  kid- 
neys of  the  mice  after  2  to  3  months  of  the 
injections  with  BSA  or  OA.  These  complexes 
were  stained  with  FITC-labeled  rabbit  anti- 
murine  IgG.  In  some  experiments  they  were 
stained  with  FITC-labeled  rabbit  anti-BSA 
or  rabbit  anti-OA,  respectively.  Before  tumor 
cells  were  injected  into  the  mice,  the  immune 
complexes  were  demonstrated  in  all  of  the 
kidneys  taken  from  five  randomly  selected 
mice  of  the  group  of  the  animals  immunized 
with  BSA  and  five  mice  immunized  with  OA. 
In  the  kidneys  collected  when  the  tumors 
were  harvested  from  the  immunized  mice 
with  either  BSA  or  OA,  immune  complexes 
were  detected  in  80%  by  staining  with  anti- 
BSA  serum  or  anti-OA  serum,  respectively, 
and  in  100%  by  staining  with  anti-murine 
IgG  serum.  Immune  complexes  in  the  kid- 
neys taken  from  control  (unimmunized)  mice 
injected  with  tumor  cells  were  not  detected 
by  using  anti-BSA  serum  or  anti-OA  serum. 
However,  they  were  detected  in  40%  of  mice 
by  staining  with  anti-murine  IgG  serum.  A 

TABLE  II.  Adsorption  of  Sensitized  Sheep 
Erythrocytes  by  C3H  Tumor  and  Spleen 
Tissues.  Inhibition  by  Sera  from  Normal  Mice, 
Tumor-Bearing  Unimmunized  Mice  and  Tumor- 
Bearing  Immunized  Mice. 


Sera  from  tumor- 

Serum 

bearing  mice 

Serum 

from 

Hemad- 

dilution 

normal 

Unim-      Immu- 

sorption  by: 

1  to: 

mouse 

munized      nized 

Tumor  tissue 

10 

4-1- 

3-1-             — 

20 

4-1- 

4+             — 

40 

4-1- 

4-1-            2-1- 
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10 

4-1- 

3-1-             - 

20 

4-1- 

4+             1  + 

40 

4+ 

4+             \  + 

similar  percentage  of  the  positive  staining  was 
also  noticed  in  the  kidneys  from  normal  mice. 
Deposition  of  IgG  has  previously  been  de- 
scribed in  kidneys  of  aging  mice  (11). 

The  same  FITC-labeled  reagents  were  used 
to  demonstrate  circulating  immune  com- 
plexes in  sera  of  immunized  mice  by  means 
of  the  Raji  cell  assay.  Using  anti-BSA  serum, 
the  average  titer  of  the  circulating  immune 
complexes  was  1:8  ranging  from  1:2  to  1:32 
in  the  individual  sera  from  trial  bleeding  of 
BSA-immunized  mice.  This  titer  decreased  to 
1:2  ranging  from  1:1  to  1:4  in  the  sera  from 
terminal  bleeding  of  the  BSA-immunized 
mice.  In  the  sera  from  terminal  bleeding  of 
OA-immunized  mice,  the  circulating  com- 
plexes were  detected  in  the  average  titer  of 
1:4  ranging  from  1:2  to  1:16.  OA  anti-OA 
complexes  were  not  tested  in  the  sera  from 
trial  bleeding  of  OA-immunized  mice.  Im- 
mune complexes  composed  of  BSA  or  OA 
and  their  corresponding  antibodies  were  not 
detectable  in  the  sera  from  control  mice  in- 
jected with  tumor  cells  or  from  normal  mia. 

Using  FITC-labeled  rabbit  anti-murine 
IgG  serum  in  Raji  cell  assay  with  sera  from 
trial  bleeding  of  BSA-immunized  mice,  cir- 
culating immune  complexes  were  in  the  av- 
erage titer  of  1:32  ranging  from  1:8  to  1:64.  A 
similar  titer  of  circulating  immune  complexes 
was  observed  in  the  sera  from  the  terminal 
bleeding  of  BSA-  or  OA-immunized  tumor- 
bearing  mice  and  control  mice  injected  with 
tumor  cells.  Interestingly,  the  circulating  im- 
mune complexes  were  also  detected  in  the 
sera  from  normal  mice  at  the  average  titer  of 
1:8  ranging  from  1:4  to  1:32.  The  increased 
amount  of  circulating  immune  complexes  in 
control  mice  injected  with  tumor  cells  was 
possibly  due  to  tumor  growth. 

Discussion.  The  rate  of  tumor  growth  in 
mice  immunized  with  BSA  and  injected  with 
10^  tumor  cells  and  in  mice  immunized  with 
OA  and  injected  with  10^  tumor  cells  was 
markedly  greater  than  that  in  control  non- 
immunized  mice  (Figs.  1  and  2).  Tumor 
weight  was  also  significantly  greater  in  mice 
immunized  with  BSA  and  OA  than  nonim- 
munized  mice  (Table  I).  Similar  enhance- 
ment of  tumor  growth  was  noted  in  immu- 
nologically impaired  mice  injected  with  a 
mixture  of  the  tumor  cells  and  sensitized 
lymphocytes  (12,  13).  Jeejeebhoy  (14)  has 
reported  that  a  certain  population  of  the  sen- 
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^phocytes  is  responsible  for  en- 
nt  and  another  for  inhibition  of  tu- 
Nth,  Lymphocytes  collected  on  the 
after  injection  of  tumor  cells  into 
lanced  growth  in  the  tumor  in  vitro, 
lymphocytes  collected  by  day  12  in- 
Drmation  of  the  neoplastic  cell  colo- 
»nt  observations  suggested  that  im- 
nulation  of  tumor  growth  in  vitro  is 
I  by  T  and  B  cells  that  are  distinct 
Dtoxic  effector  cells  (15). 
sita  of  this  study  demonstrated  that 
ontrol  mice  injected  with  10^  tumor 
'eloped  tumors  in  one  experiment 
whereas  in  another  experiment  per- 

months  later,  the  tumors  developed 
3f  the  control  mice  injected  with  the 
yt  of  the  same  tumor  (Fig.  1).  This 

could  be  due  to  the  changes  in  the 
;  of  this  tumor  with  the  progressing 
Df  the  passages.  Another  possibility 
:ells  from  the  tumor  used  in  one 
;nt  contained  relatively  more  mac- 

than  the  cells  from  the  tumor  em- 
1  another  experiment.  The  number 
)phages  in  the  inoculum  may  ob- 
lave  influence  on  the  tumor  growth 
'ed  by  Wood  and  Gillespie  (16). 

study,  mice  were  immunized  with 
irelated  antigens  for  4-5  months.  In 
;hs,  deposition  of  immune  complexes 
d  of  BSA  or  OA  and  corresponding 
»  in  kidneys  was  observed.  The  im- 
mplexes  were  detected  in  sera  of 
:e  by  Raji  cell  assay  and  by  inhibi- 
emadsorption  test.  Other  investiga- 
nved  deposition  of  immune  oom- 
1  kidneys  of  Fl  hybrid  mice  with 
sus-host  reaction  resulting  from 
itation  of  parental  lymphoid  cells 
xras  suggested  that  antigens  of  the 
»rmed  immune  complexes  with  their 
iding  antibodies  prckluced  by  the 
cells  and  that  these  complexes  were 
I  in  the  kidneys  (18).  Furthermore, 
us  antigenic  stimulation  of  the  im- 
stem  in  animals  with  graft-versus- 
tion  lead  to  an  increased  incidence 
isia  (19).  It  is  quite  possible  that  in 
(,  daily  injection  of  an  antigen  con- 
'  stimulated  lymphocytes  which,  in 
Id  contribute  to  the  enhancement  of 
r  growth. 


Daily  injection  of  antigens  could  also  result 
in  continuous  formation  of  circulating  im- 
mune complexes  which  could  attach  to  Fc 
receptors  of  the  cytotoxic  lymphocytes  and 
inactivate  these  cells  (20,  21).  A  recent  study 
indicated  that  most  mouse  cytotoxic  lympho- 
cytes possess  Fc  receptors  (22).  In  addition, 
circulating  immune  complexes  could  attach 
to  the  phagocytic  cells  and  decrease  their 
ability  to  penetrate  into  the  site  of  tumor  cell 
injection  (23).  A  decreased  number  of  phag- 
ocytic cells  at  the  tumor  site  might  have  af- 
fected tumorcidal  activity,  attraction  of 
lymphoid  cells  into  tumor  site  and  the  inter- 
action between  macrophages  and  lympho- 
cytes which,  in  turn,  might  have  diminished 
immune  response  to  the  tumor  antigen. 

Alternatively,  circulating  immune  com- 
plexes could  also  attach  to  the  tumor  cells 
and  mask  tumor  specific  transplantation  an- 
tigens; therefore,  the  immune  system  of  the 
host  could  not  recognize  them.  This  sugges- 
tion is  supported  by  the  observation  that  im- 
mune complexes  can  attach  to  the  Fc  recep- 
tors of  tumor  tissue  (24)  or  tumor  cells  (25). 

Summary.  The  efTect  of  prolonged  immu- 
nization of  mice  with  bovine  serum  albumin 
(BSA)  or  ovalbumin  (OA)  on  the  growth  of 
the  transplanted,  methylcholanthrene-in- 
duced  fibrosarcoma  was  studied.  When  im- 
mune complexes  appeared  in  the  kidneys  and 
in  the  circulation,  mice  were  injected  subcu- 
taneously  with  various  numbers  of  syngeneic 
tumor  cells. 

Tumor  developed  within  17  days  in  all 
mice  immunized  with  BSA  and  injected  with 
10*,  10^  and  10^  tumor  cells  and  control  mice 
injected  with  10*  and  10^,  whereas  only  3  of 
10  control  mice  injected  with  \QF  tumor  cells 
developed  tumors  at  that  time.  All  mice  im- 
munized with  OA  and  injected  with  10^,  10* 
and  10^  tumor  cells  and  control  mice  injected 
with  10^  and  10*  developed  tumor  within  12 
days  after  injection  of  the  tumor  cells, 
whereas  in  the  control  group  injected  with 
10^  tumor  cells,  only  6  of  12  mice  did  so. 
Weight  of  the  tumors  from  the  mice  immu- 
nized with  BSA  or  with  OA  was  significantly 
greater  than  that  of  tumors  from  control  mice. 

The  authors  are  grateful  to  Mrs.  S.  Sieczkarski  for  her 
excellent  technical  assistance. 
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riety  of  growth  factors  exist  for 
Is  in  culture,  and  their  study  may 
I  an  understanding  of  mecha- 
sible  for  growth  control  in  vivo 
thiols  and  disulfides  have  an 
tion  in  this  regard  because  al- 
profoundly  modify  the  survival 

growth  of  mouse  cells  in  vitro 
er  nonphysiological  substances 
red  in  the  medium  in  much 
physiological  concentrations  (2). 
It  experiments  have  been  per- 
udy  conditions  in  vitro  which 
the  provision  of  thiols  unneces- 
ve  used  Lymphoma  L1210(V), 
lighly  thiol  dependent  and 
hiol  independent  variant  (2,  3). 
low  that  3T3,  L  and  other  cell 
pport  the  growth  of  L1210(V) 
)sence  of  thiol.  The  macrophage, 
athan  and  Terry  does  not  there- 
spect  have  a  unique  relationship 
)id  cells  (4).  Cocultivation  failed 

permanent  conditioning  of  the 
nonetheless  we  demonstrate  that 
otion  of  the  lymphoma  cells  is 
norally. 

ispect  of  this  system  is  shown  by 
nes  which  support  lymphoma 
/  cell  density  but  inhibit  growth 
cultures. 
md  methods.  Reagents.  2-Mer- 

(2-ME)  and  Concanavalin  A 
;  obtained  from  Sigma  Chemical 
.  Louis,  MO. 

*dium.  Dulbecco's  modification 
sdium  (DMEM)  was  used  with 
!02  atmosphere  (2).  It  was  sup- 
ith  10%  horse  serum  (Ho.S). 
lormal  B6D2F1,  male,  18-20  g, 
Id  were  obtained  from  the  Jack- 
ries,  Bar  Harbor,  ME. 
10(V)  and  L1210(A)  (2,  3)  were 
^  ascites  tumors  in  B6D2F1 
a  mineral  oil  induced  malignant 


histiocyte  tumor  was  kindly  provided  by  Dr. 
Henry  Azar.  Mouse  L  cells  were  obtained 
from  Dr.  Karl  Lanks.  3T3  Cells  of  various 
sublines  were  used.  First  were  Balb/c  cells 
obtained  by  Dr.  Michael  Howe  from  Micro- 
biological Associates,  Bethesda  and  carried 
in  his  laboratory  for  one  year  by  splitting  at 
intervals  of  3  or  more  days.  In  the  course  of 
this  time  the  cells  lost  contact  inhibition  and 
are  considered  ''spontaneously  transformed.*' 
Examination  for  mycoplasma  sp.  by  Micro- 
biological Associates,  Diagnostic  Labs,  was 
negative.  Other  sublines,  namely,  Swiss  3T3 
(ME)  and  Balb/c  3T3  were  obtained  from 
Dr.  Ishwari  Prasad. 

Millipore  diffusion  chamber  culture.  Cham- 
bers were  constructed  and  prepared  as  de- 
scribed previously  and  sterilized  by  ethylene 
oxide  (S).  All  chambers  were  put  up  with  10^ 
L1210(V)  cells.  They  were  placed  on  glass 
capillary  pipettes  (Microcaps,  100  microliters, 
Drummond  Scientific  Company,  Broomall, 
PA),  which  were  anchored  with  dental  wax, 
1  cm  apart,  on  the  bottoms  of  60  x  IS  mm 
Falcon  tissue  culture  dishes  (Becton,  Dickin- 
son and  Co.,  Oxnard,  CA)  and  immersed  in 
culture  medium. 

Cocultivation  of  L1210(V)  cells,  (a)  With 
established  tissue  culture  lines.  Supporting 
cells  (3T3,  etc.)  were  suspended  after  treat- 
ment with  0.25%  trypsin,  washed  in  saline, 
and  inoculated  into  T  flasks  (Falcon,  25^  cm) 
at  densities  of  1  x  10*  cells  and  above.  3T3 
Cells,  2  X  10®,  produced  a  confluent  mono- 
layer on  attachment.  The  medium  was 
changed  16-18  hr  later,  1  x  10®  lymphoma 
cells  were  added,  and  the  cultures  incubated 
for  a  further  48  hr.  Lymphoma  cells  were 
then  suspended  by  shaking  and  counted. 
They  were  easily  distinguishable  by  their  size, 
rounded  shape  and  the  presence  of  refractile 
cytoplasmic  granules. 

(b)  With  embryonic  cells.  Eight  millimeter 
B ALB/c  mouse  embryos  were  fragmented  by 
cutting   and   agitation   and   trypsinized   as 
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above.  Single  cell  suspensions  were  obtained 
by  sedimentation.  Monolayer  cultures  were 
then  prepared  and  subcultured  three  times 
before  use  with  lymphoma  cells. 

(c)  Wiih  macrophages.  Aliquots  of  B6D2FU 
nucleated  spleen  cells  (2  x  10^-2  x  10*^  in 
each  experiment)  were  inoculated  as  de- 
scribed above  in  4.5  ml  medium.  After  24 
hours  the  flask  surface  was  washed  and  the 
medium  replaced.  The  density  of  adherent 
cells  in  all  flasks  of  an  experiment  was  then 
checked  for  uniformity  by  counts  of  the  av- 
erage number  of  cells  in  five  high  power 
fields;  in  no  case  was  variation  more  than 
10%.  The  absolute  number  of  cells  in  one 
flask  was  determined  by  counting  the  suspen- 
sion produced  by  thorough  scraping  with  a 
rubber  tipped  rod.  Adherent  cell  counts  in 
different  experiments  varied  from  5  x  10^  to 
5x10®,  and  98%  of  cells  phagocytized  carbon 
(four  experiments).  After  these  determina- 
tions were  made,  5  x  10®  L1210(V)  cells  were 
added  and  they  were  recounted  48  hours 
later. 

Similar  procedures  were  used  with  perito- 
neal macrophages. 

Results.  All  standard  tissue  culture  cell 
lines  tested  and  also  mouse  embryo  cells  were 
able  to  support  the  growth  of  L1210(V)  cells 
(Fig.  1). 

3T3  Cells  of  different  sublines  were  effec- 
tive, irrespective  of  whether  they  showed  con- 
tact inhibition  or  were  transformed.  Inocula 
of  5  X  10*  3T3  cells  per  culture  were  optimal 
and  1-2  divisions  of  the  lymphoma  cells  oc- 
curred within  48  hr. 

When  L1210(V)  cells  were  stimulated  to 
vigorous  growth,  addition  of  2-ME  increased 
the  rate  of  lymphoma  cell  division  only  min- 
imally. Thus,  2.00  ±  0.03  divisions  occurred 
in  48  hr  in  the  presence  of  10®  SV-3T3  (ME) 
cells.  With  added  2-ME,  the  corresponding 
figure  was  2.25  ±  0.02. 

In  a  single  case,  that  of  a  BALB/c  3T3 
subline  which  had  lost  contact  inhibition  dur- 
ing continuous  passage  ("spontaneous  trans- 
formation") there  was  a  notable  dependence 
on  population  density.  Two  hundred  thou- 
sand of  these  cells  per  culture  failed  to  pro- 
mote growth  of  lymphoma  cells.  At  4  x  10^ 
cells,  however,  one  division  was  produced  but 
2x10®  cells  were  again  ineffective.  However, 
although  no  division  of  lymphoma  cells  oc- 
curred, with  this  inoculum  more  than  90%  of 


the  latter  cells  were  viable  at  48  hours.  Straii 
L  cells  showed  a  similar  density  relationship 
the  optimal  density  was  1  x  10^-2  x  10®  celt 
per  culture,  and  over  this  figure  growth  pra 
motion  diminished. 

These  results  were  compared  to  other  find- 
ings with  macrophage  cultures  (Fig.  2),  whict 
have  previously  been  shown  to  support  the 
growth  of  mouse  lymphoid  cells  (4,  6).  Al 
inocula  of  5  X  10^  feeder  cells,  macrophages 
produced  approximately  the  same  degree  ol 
growth  promotion  of  lymphoma  cells  (1.0- 1. ^ 
divisions)  as  did  the  other  cell  lines  tested 
But  as  the  cell  density  of  the  macrophages 
increased,  lymphoma  cell  growth  became  in- 
creasingly rapid,  up  to  a  level  of  2.8  divisions 
at  2  X  10®  cells.  At  this  density,  growth  was  ai 
least  equal  to  that  produced  by  optimal  con- 
centrations of  2-ME  (2.28  ±  0.14  divisions) 
Macrophages  of  various  sources  and  a  histio- 
cyte cell  line  (TP  5-9)  derived  from  a  tumor 
which  followed  mineral  oil  carcinogenesis 
were  all  strong  growth  promoters,  but  thio- 
glycoUate  stimulated  peritoneal  cells  at  2  x 
l(r  per  culture  seemed  the  most  effective  ol 
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Fig.  1.  Multiplication  of  L1210(V)  lymphoma  cells 
cocultivated  with  various  cell  lines  in  the  absence  of  thiol 
compounds.  Assays  of  growth  promoting  activity  of 
feeder  cells  were  performed  in  several  experiments,  lo 
each  of  these  controls  were  set  up  (a)  negative-L1210(V) 
cultured  alone  in  unmodified  DMEM:  no  cell  division 
occurred,  (b)  positive-L1210(V)  cultured  alone  in 
DMEM  -»-  5  /iA/  2-ME:  2.28  ±  0. 14  cell  divisions  resulted 
To  ensure  that  the  results  obtained  were  not  due  to 
trypsin  carried  over  by  the  feeder  cells,  this  enzyme  wis 
added  in  concentrations  of  0.001 9M).02%  to  culture  tat- 
dia.  L1210(V)  cells  inoculated  into  these  in  the  abKOoe 
of  feeder  cells  failed  to  divide  unless  2-ME  was  preseoL 
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'  5-»  Hitliecyik  Tmiwo* 

uitipHcation  of  L1210(V)  lymphoma  cells 
vith  macrophages  from  various  sources  and 
absence  of  thiol  compounds.  Methods  as  in 


pe  examined. 

e  experiments,  therefore,  macro- 

v^e  only  growth  promotion  and  not 

They  were  therefore  chosen  for 
periments  to  examine  growth  pro- 
lechanisms,  and  ""spontaneously 
ed"  BALB/c  3T3  at  high  density 
ory  effects. 

ism  of  growth  promotion.  Supema- 
:  removed  from  24,  48  and  72  cul- 
acrophages  (5  x  10^  to  1  x  10^  cells) 
1  been  shown  to  provide  optimal 

L1210(V),  and  they  were  inocu- 
lymphoma  cells  (1  x  10^/ml).  After 
Lphoma  cell  recovery  was  45%  to 
le  inoculum,  in  12  experiments,  but 
[Its  were  in  no  case  able  to  sustain 
n  the  other  hand,  when  S  fiM  2  ME 
to  the  supematants,  the  lymphoma 
iplied  (1.6  ±  0.04  divisions  in  48 

ssibility  that  macrophages  would 
ition  the  medium  in  the  presence  of 
was  then  examined.  It  was  ob- 
it once  mixed  cultures  of  macro- 
d  lymphoma  cells  were  established 
istently  supported  lymphoma  cell 
ig.  3).  The  macrophages  remained 
^hile  the  lymphoma  cells  in  suspen- 
ferated.  At  48  hour  intervals,  part 
idium  with  suspended  lymphoma 
removed  and  fresh  medium  was 
)ring  the  lymphoma  cell  density  to 
he   original   inoculum   (1    x    10^ 


Fig.  3.  Cumulative  divisions  of  L1210(V)  cells,  un- 
der various  conditions,  x,  5  fiM  2-ME,  no  feeder  cell. 
A,  No  thiol,  no  feeder  cell.  D,  No  thiol,  thioglycoUate- 
stimulated  peritoneal  macrophages  (2  x  10^  per  culture). 
#,  No  thiol.  Con  A-stimulated  splenic  macrophages  (2 
X  10^  per  culture).  O,  No  thiol,  normal  splenic  macro- 
phages (2  X  10^  per  culture).  A,  No  thiol,  L1210(V)  cells 
grown  for  48  hr  with  thioglycollate-stimulated  peritoneal 
macrophages,  then  placed  in  new  flask  without  feeder 
layer. 

cells/ml).  On  removing  the  medium  with  sus- 
pended cells  48  hr  after  changing  and  trans- 
ferring to  a  fresh  flask,  no  increase  in  cell 
number  occurred,  unless,  as  before,  thiol  was 
added  (Fig.  3). 

These  experiments  made  it  necessary  to 
determine  whether  direct  contact  between 
lymphoma  cells  and  macrophages  or  other 
cells  was  necessary  for  growth  and  this  was 
examined  by  the  use  of  diffusion  chambers. 

Diffusion  chamber  experiments.  Petri  dishes 
were  plated  with  macrophage  or  other  cell 
suspensions  as  in  the  preceding  experiments, 
after  48  hr  the  medium  was  replaced  and 
diffusion  chambers  containing  known  num- 
bers of  lymphoma  cells  were  inserted.  The 
chambers  were  positioned  about  1.5  mm 
above  the  feeder  cell  layer. 

When  the  diffusion  chambers  were  re- 
moved after  72  hr,  it  was  seen  that  macro- 
phages had  caused  proliferation  of  the  lym- 
phoma cells  (1.3-2.6  divisions);  SV40  trans- 
formed 3T3  cells  were  also  effective,  but  in 
the  experiment  performed  less  so  than  mac- 
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rophages  (1.4  versus  2.6  divisions).  With  both 
cell  types  viabiUty  of  the  lymphoma  cells  was 
markedly  increased.  (Table  I). 

Again,  supematants  removed  from  the 
macrophage  culture  before  or  after  addition 
of  the  lymphoma  cells  failed  to  support 
growth  unless  thiol  was  added. 

With  other  experimental  work  using  dif- 
fusion chambers,  objections  have  been  raised 
that  projections  of  cell  processes  through  the 
pores  of  the  membranes  could  be  responsible 
for  the  effects  observed  (7).  In  the  present 
experiments  not  only  was  fme  porosity  mem- 
brane used  (0.1  /(im),  but  the  membrane  was 
ISO  fim  thick  and  it  was  more  than  1  nun 
from  the  macrophage  layer. 

These  experiments  indicate  therefore  that 
the  feeder  cells  can  affect  lymphoma  cell 
growth  through  humoral  factors. 


Cause  of  the  failure  of  growth  promotion  by 
"^ontaneousfy  transformed"  BALB/c  3Ti 
cells  at  high  density.  To  test  whether  the  fiul- 
ure  of  these  cells  at  high  density  to  sappon 
the  growth  of  L1210(V)  cells  was  related  to 
or  separate  from  their  thiol  replacing  rde,  a 
subline,  L 12 10(A)  which  is  thiol  independent 
in  vitro  was  examined.  Like  L1210(V)  this 
subline  completely  failed  to  grow  in  contact 
with  3T3  cells  at  high  density  nor  did  it  do  so 
in  supernatant  medium  (Fig.  4).  This  obser- 
vation and  the  inability  of  added  thiol  (to  50 
fim  2-ME)  to  restore  growth  indicated  that 
growth  failure  in  this  supernatant  was  distinct 
from  thiol  dependency. 

Dilution  of  supernatant  with  an  equal  vol- 
ume of  fresh  serum-containing  medium  per- 
mitted some  growth  (1.6  cell  divisions  in  48 
hr  compared  with  2.5  cell  divisions  in  com- 


TABLE  1.  Growth  Promotion  by  Splenic  Macrophages  Separated  from  Lymphoma  Cells  by  the 

Membrane  of  a  Diffusion  Chamber. 


LI2I0(V)  cells 

L1210(V)  cells  recovered  at  72 

inoculated  into 

hr(xlO«) 

2-ME 

diffusion  cham- 

- 

— 

CeU  di- 

Cell  type  on  Petri  dish 

None 

^|i^f) 

ber  (xIO«) 

Viable- 
0.2 

Dead 
0.3 

Toul 
0.5 

visions 

Expt.  1 

0 

1.0 

0.0 

None 

5 

1.0 

5.6 

0.5 

6.1 

2.5 

1.3  X  10^  splenic  macrophages 

0 

1.0 

2.4 

0.1 

2.5 

1.3 

Expt.  2 

None 

0 

1.0 

0.2 

1.4 

1.6 

0.6 

None 

5 

1.0 

6.2 

0.6 

6.8 

2.7 

4  X  10^  peritoneal  macrophages 

0 

1.0 

6.0 

0.3 

6.3 

2.6 

5   X    \(f  SV40-transformed   3T3 

0 

1.0 

2.7 

0.2 

2.9 

1.5 

(ME)  cells 

"  Viability  determined  by  trypan  blue  exclusion.  Peritoneal  macrophages  were  obtained  from  BDF  mice  injected 
with  2  ml  thioglycollate  medium  4  days  previously. 
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Fig.  4.  Inhibition  of  growth  of  L 12 10(A)  cells  by  supematants  from  ^^spontaneously  transformed**  BALB/c  3T3 
cells.  3T3  cells  were  inoculated  at  (4  x  10^  cells)  in  60  ml  and  incubated  for  48  hr.  Supernatant  was  removed  it  this 
time  and  aliquots  were  treated  as  shown,  1  x  10^  L 12 10(A)  cells/ml  were  then  added  and  recounted  after  48  hr. 
Dialysis  was  carried  out  against  1(X)  volumes  of  fresh  DMEM  without  serum. 
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resh  medium).  On  the  other  hand, 
of  supernatant  against  fresh  Dul- 
nedium  had  no  effect  in  restoring  the 
)f  the  medium  to  support  growth, 
rum  added  to  such  medium  had  only 
growth  promoting  effect  (0.4  ceU 
i  in  48  hr).  The  latter  two  experiments 
that  in  the  present  context,  depletion 
jnts  in  the  medium  by  3T3  ceUs  is  of 
y  minor  importance  in  preventing 
na  growth.  It  appears  likely  therefore 
ondialyzable  inhibitor  of  growth  of 
)homa  cells  is  produced  by  3T3.  This 
/aits  further  characterization. 
;sion.  The  experiments  described 
it  a  variety  of  cells,  in  addition  to  the 
lage,  can  produce  conditions  in  cul- 
ich  make  the  provision  of  growth 
ng  thiols  and  disulfides  unnecessary 
10(V)  cells  (Table  I,  Fig.  1-3).  That 
1  factors  are  involved  is  apparent  from 
ision  chamber  experiments  (Table  I), 
prisingly  macrophages  and  other 
ells  are  unable  to  condition  the  me- 
rmanently. 

sible  explanation  is  that  growth  pro- 
factor(s)  from  the  feeder  cells  are 
;  and  must  be  continuously  produced 
ivated.  There  are  however,  several 
x>ssibilities;  the  concentration  of 
promoting  factor  in  the  external  me- 
ight  limit  its  production  by  a  tight 
k  between  utilization  and  production: 
Ively  feeder  cells  may  be  necessary 
nactivation  of  soluble  autoinhibitory 
s  of  the  lymphoma  cells.  Further  ex- 
its are  required  to  permit  a  decision 
I  these  different  mechanisms, 
experiments  now  described  have 
another  aspect  of  growth  control 
isms  for  lymphoma  cells  by  the  inhib- 
tion  of  higher  cell  densities  of  certain 
1  L  cells,  which  appears  to  be  me- 
it  least  in  the  former  case  by  a  non- 
de  product(s).  The  putative  inhibitor 
e  may  have  either  a  high  molecular 
>r  it  may  bind  to  protein  in  the  me- 
.imilar  inhibition  has  been  reported 
tor(s)  in  supematants  of  macrophage 
of  considerably  higher  density  than 


those  now  used  (8). 

The  possibility  that  the  growth  inhibition 
now  observed  was  due  to  arginine  deprivation 
as  a  result  of  contamination  of  3T3  cells  with 
mycoplasma  was  excluded  by  direct  measure- 
ment using  a  Jeolco  JLC-SAH  analyzer,  less 
than  30%  of  the  initial  arginine  content  of  the 
medium  was  metabolized  under  the  condi- 
tions of  the  experiments  (9). 

The  significance  of  factors  such  as  those 
now  described  for  L1210  cells  in  vitro  to 
growth  control  systems  in  vivo  is  uncertain. 
Clearly  however,  it  is  only  by  the  use  of 
simple  in  vitro  systems  that  growth  factors 
can  be  characterized  and  isolated.  They  will 
then  be  available  for  studies  in  systems  of 
increasing  complexity  and  finally  in  the 
whole  ammal. 

Summary.  The  growth  of  thiol  dependent 
cells  of  Lymphoma  L1210(V)  is  supported  by 
3T3  and  L  cells  as  well  as  by  macrophages  in 
vitro.  The  supporting  cells  do  not  perma- 
nently condition  the  medium,  but  diffiision 
chamber  studies  show  that  growth  promotion 
is  mediated  humorally.  At  high  cell  density 
inhibition  of  lymphoma  cell  growth  can  be 
observed  in  the  supernatant  from  one  of  the 
3T3  sublines  examined,  which  appears  to  be 
due  to  a  nondialyzable  inhibitor  whose  effect 
is  unrelated  to  thiol  dependency. 
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duction.  Human  cytomegalovirus 
/)  infections  cause  mental  retardation 
deafness  in  an  estimated  1%  of  the 
bora  in  the  U.S.  (1).  This  morbidity  is 
ly  the  result  of  an  intrauterine  HCMV 
»n  of  the  brain  (CNS)  (2),  and  it  might 
rented  by  inmiunization  (3).  Inmiuni- 
>f  a  woman  protects  her  offspring  from 
*s  teratogenic  effects  (4);  and  Bram- 
eview  of  passive  transfer  of  antibody 
lother  to  offspring  indicates  that  such 
r  often  confers  protection  to  the  young 
iriety  of  species,  including  man  and 
(5).  Studies  of  mouse  cytomegalovirus 
V)  have  provided  information  relevant 
erstanding  HCMV  infection  (2),  and 
ty  in  suckling  mice  due  to  MCMV 
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and  prepared  and  stored  essentially  as  de- 
scribed by  her  (7).  Uninfected  (normal)  sali- 
vary gland  suspensions  were  prepared  in  the 
same  way  from  glands  of  uninoculated  mice 
and  employed  as  a  control. 

Cell  culture  and  media.  Primary  mouse 
embryo  cell  cultures  (MECC)  prepared  from 
15-  to  17-day  old  embryos,  were  grown  in 
Medium  (M)  199  (GIBCO)  containing  10% 
heat  inactivated  calf  serum  (CS)  (GIBCO) 
and  maintained  in  Ml 99  with  5%  CS.  Sec- 
ondary MECC  monolayers  were  prepared  by 
seeding  plastic  tissue  culture  flasks  (Falcon 
25  cm^)  with  2  x  10^  cells.  All  media  con- 
tained antibiotics. 

Viral  assay.  Tissues  were  assayed  for 
MCMV  plaques  on  secondary  MECC  flasks 
using  0.8%  tragacanth  in  maintenance  media 
as  overlay.  All  points  represent  the  results  of 
testing  a  pool  of  organs  from  at  least  two 
animals,  and  all  plaque  assays  were  run  in 
duplicate. 

Tissues  from  some  animals  which  had  been 
inoculated  ip  as  sucklings  were  also  tested  for 
virus  by  an  explant  method  60  or  more  days 
after  birth.  Organs  were  removed  aseptically, 
pooled,  minced  in  small  amounts  of  media 
and  extruded  through  needles  into  Falcon 
flasks.  Salivary  glands  were  minced  finely 
and  seeded  into  the  flasks  without  forced 
extrusion.  Minimal  essential  media  (MEM) 
(GIBCO)  with  20%  fetal  calf  serum  (FCS) 
was  used  to  promote  growth  of  these  explant 
tissues.  Cultures  were  observed  for  cytopathic 
effect  (CPE)  for  2  months  during  which  they 
were  also  subcultured  periodically  on  second- 
ary MECC  flasks. 

Determination  of  LD50.  Two-  to  5-day  old 
sucklings,  randomized  on  the  day  of  injection, 
were  inoculated  ip  with  0.05  ml  aliquots  of 
serial  tenfold  dilutions  of  MCMV.  The  ani- 
mals were  returaed  to  nursing  mothers  in 
groups  (litters)  of  nine,  and  at  least  two  litters 
were  inoculated  with  each  dilution  in  each 
experiment.  Mice  were  observed  daily  for  21 
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days  for  signs  of  disease  and  the  number 
surviving.  The  LD50  was  calculated  by  the 
method  of  Reed  and  Meunch. 

Immunization,  Thirty-  to  40-day  old  female 
mice  were  immunized  using  3  ip  injections 
given  at  weekly  intervals,  2  of  4  x  10*  PFU, 
and  1  of  4  X  10^  PFU.  Control  mice  were 
inmiunized  on  the  same  schedule  and  with 
an  equal  dilution  of  mouse  saUvary  gland 
suspension  prepared  from  uninoculated  mice. 
These  two  groups  of  mice  became  the  breed- 
ing stock  for  studies  to  determine  the  effects 
of  immunization. 

Plaque  reduction  neutralization  assays. 
Sera  from  blood  obtained  from  the  retro- 
orbital  venus  plexus  of  adults  or  plasma  col- 
lected from  decapitated  sucklings  using  hep- 
arinized  capillary  tubes  were  stored  at  20^, 
and  heat  inactivated  at  56^  for  30  min  prior 
to  use.  A  volume  of  0.3  ml  of  diluted  serum 
or  plasma  was  mixed  with  0.3  ml  of  virus 
suspension  containing  300-600  PFU  MCMV. 
This  mixture  was  incubated  at  37°  for  90 
min,  then  0.2  ml  were  inoculated  into  each  of 
two  Falcon  flasks.  Guinea  pig  complement, 
10  units  hemolytic  activity  in  10  /xl  was  added 
to  the  reactants  in  some  instances.  After  an 
absorption  period  of  2  hr  at  37°  the  inoculum 
was  removed  and  replaced  with  tragacanth 
overlay.  The  neutralization  (plaque  reduc- 
tion) titer  of  a  serum  (or  plasma)  is  the  recip- 
rocal of  the  highest  dilution  of  that  serum  (or 
plasma)  which  reduced  control  plaque  counts 
50%  or  more. 

Results,  LD50.  The  LD50  for  suckling  mice 
of  the  several  stock  pools  of  MCMV  used  in 
these  experiments  ranged  from  10^-^  to  10^*^ 
PFU.  A  representative  pool  had  W^ 
PFU/ml,  its  LD50  for  sucklings  was  lO^® 
PFU,  and  its  LD^  for  weanlings  was  10^ 
PFU.  The  LD^  for  sucklings  of  the  stock 


used  in  most  of  these  experiments  was  10^ 
PFU,  and  that  pool  contained  10^  PFU/ml 

CNS  infection.  The  quantity  of  virus  re 
covered  from  various  organs  after  ip  inocula 
tion  of  a  sublethal  quantity  of  virus  (average 
36  PFU;  range  2-75  PFU)  is  shown  in  Tabh 
I.  Suckling  mice  were  1-4  days  old  whei 
inoculated,  and  their  organs  were  removec 
and  tested  at  various  times  between  3  and 
127  days  thereafter.  Virus  was  first  detected 
in  the  CNS  after  it  was  recovered  initial!) 
from  the  liver.  Multiplication  in  the  CNS 
peaked  between  10  and  15  days  and  its  extent 
was  less  than  in  other  organs.  Virus  was 
recovered  directly  from  3  of  13  brains  tested 
60  and  80  days  after  inoculation,  and  from 
none  of  seven  brains  tested  after  120  days. 
Using  tissue  explant  culture  techniques,  virus 
was  recovered  only  once  from  the  brain  when 
it  was  not  detected  by  inoculation  of  MECC; 
CPE  was  observed  in  one  flask  seeded  with 
brain  tissue  obtained  at  127  days. 

Histopathological  examination  of  infected 
brains  rarely  revealed  any  changes.  Once 
minimal  perivascular  cuffing  and  scattered 
nodules  of  glial  proliferation  with  rare  typical 
intranuclear  inclusions  were  seen  in  a  section 
of  brain  obtained  10  days  after  inoculation. 
Giant  cells  were  not  seen.  Most  brains  were 
normal,  including  those  obtained  from  mia 
15  to  20  days  after  inoculation. 

Effect  of  immunization  on  infection  and  mor- 
tality. In  order  to  study  the  effect  of  immu- 
nization, four  groups  of  suckling  animals 
were  tested.  The  first  was  bom  to  and  nursed 
by  immunized  females  (I-I);  the  second  was 
bom  to  unimmunized  females  (either  not  in- 
jected at  all  or  injected  with  normal  salivary 
gland)  and  nursed  by  immunized  females 
(NI-I);  the  third  was  bom  to  inmiunized  f^ 
males  and  nursed  by  nonunmunized  nursers 


TABLE  I.  Recovery  of  MCMV  from  Sucklings  After  Intraperitoneal  Inoculation* 


3 

2.7 

e 

5 

1.4^ 
3.6 
4.1 
3.7 

10 

3.5 
4.5 
4.7 
7.3 

Days  Post  Inoculation 

Tissue 

Brain 
Liver 
Spleen 
Salivary  gland 

15 

2.8 
3.9 
4.0 
8.0 

20 

2.3 
2.6 
2.7 
8.6 

60 

1.5 
N 
3.9 

7.4 

123 

N 
2.6 

N 

127 

N 
N 
5.9 

"  Data  are  from  eight  experiments  in  which  inoculum  used  averaged  36  PFU;  the  range  was  2-75  PFU. 

*  Virus  not  detected  in  10%  w/v  suspension. 

*^  Average  iogio  PFU/g. 

''  See  text  (virus  was  recovered  using  explant  method). 

'  Specimens  not  tested,  or  not  obtained. 
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(I-NI);  and  the  fourth  group  was  bom  to  and 
nursed  by  nonimmunized  females  (NI-NI). 
Litters  were  switched  within  24  hr  after  birth, 
and  sucklings  were  inoculated  3  days  after 
switching.  All  sucklings  were  challenged  ip 
with  approximately  ICT  PFU  (30  LDso).  The 
effect  of  immunization  was  assessed  by  deter- 
mining the  extent  of  virus  multiplication  in 
various  organs  and  the  mortality  rates  in  the 
four  groups  of  sucklings. 

These  results  are  provided  in  Tables  II  and 
III.  In  several  experiments,  each  utilizing  sev- 
eral pools  of  two  or  more  organs,  virus  was 
not  recovered  from  the  brains  or  livers  of 
animals  in  groups  I-I  or  NI-I  (Table  II).  Virus 
was  recovered  from  but  a  single  pool  of 
spleens  of  animals  in  group  NI-I  which  were 
sacrificed  on  day  10.  Virus  was  recovered 
from  5  of  the  12  pools  of  salivary  glands 
obtained  from  mice  of  groups  I-I  and  NI-I 
between  days  10  and  20. 

In  striking  contrast,  virus  was  frequently 
recovered  from  the  brains,  livers,  and  spleens 
of  that  group  of  sucklings  bom  to  immune 
females  but  nursed  by  nonimmune,  foster 
mothers  (group  I-NI).  The  quantity  of  virus 
was  usually  less  than  that  recovered  from 
sucklings  bom  to  and  nursed  by  noninmiune 
females. 

The  reduction  in  mortality  afforded  by 
immunization  is  shown  in  Table  III.  Mortal- 
ity in  groups  I-I,  NI-I,  and  I-NI  was  19,  16, 
and  26%  respectively,  in  contrast  to  the  100% 
mortality  induced  in  the  NI-NI  group;  all 
were  inoculated  with  30  LD50. 

Serology.  Plaque  reducing  antibody  was 
detected  in  sera  of  females  which  were  im- 
munized, but  not  in  those  which  had  not  been 
so  treated.  The  median  titer  was  8. 

Plasma  obtained  from  three  groups  of  I-I 


sucklings  19,  12-22,  and  13  days  after  birth 
had  titers  of  8, 4,  and  <4  respectively.  A  pool 
of  plasma  obtained  from  suckling  group  NI- 
I  4  days  after  birth  had  no  activity,  whereas 
a  pool  obtained  14-19  days  after  birth  had  a 
titer  of  4.  The  titer  of  another  pool  obtained 
13  days  after  birth  from  that  group  (NI-I) 
was  4.  Plasma  from  sucklings  in  groups  NI- 
NI  and  I-NI  had  no  plaque  reducing  activity. 
Complement  had  no  discemable  effect  on  the 
observed  titers. 

Discussion.  The  observation  that  CNS  in- 
fection can  follow  ip  inoculation  of  MCMV 
is  not  new.  Selgrade  and  Osbom  (7),  and 
Kelsey  ei  al.  (8)  have  reported  that  CNS 
infections  occur  after  ip  inoculation  of 
MCMV  in  both  weanling  and  suckling  mice. 
Selgrade  and  Osbom  stated  that  no  histo- 
pathological  changes  were  seen  in  the  brains 
of  inoculated  weanling  C57BL  mice.  Our  ob- 
servations are  similar  in  that  very  little  was 
seen.  The  apparent  paucity  of  white  cells 
suggests  that  in  these  animals  little  inflam- 
matory or  immune  response  was  present  in 
the  CNS  at  the  time. 

The  immediate  reason  for  documenting 
this  CNS  infection  was  to  establish  a  baseline 
for  ascertaining  whether  immunization  of  the 
mature  female  would  confer  protection  from 
CNS  infection  to  her  offspring.  Protection 
was  conferred,  and  it  is  important  that  suck- 

TABLE  III.  Reduction  in  Mortality  Afforded 
BY  Immunization. 

No.  dead  Percent  mortal- 

Suckling  group        No.  inoculated  ity 


M 
NM 
I-NI 
NI-NI 


11/59 
22/137 
37/142 
36/36 


19 

16 

26 

100 


TABLE  II.  Suppression  of  Infection  Afforded  by  Immunization/* 


Suckling 
group 

Nlother- 
nurser 


Organ  tested  and  day  postinoculation 


Brain 


Liver 


Spleen 


Salivary  gland 


Day  10      Day  14-20         Day  10      Day  14-20        Day  10      Day  14-20         Day  10      Day  14-20 


I-I 
NI-I 
I-Nl 
NI-NI 


0/6*  0/6 

0/7  0/5 

4/7  (3.0)      2/2  (2.8) 

Day6'' 

1/1  (3.0) 


0/3  0/4 

0/4  0/4 

3/4  (3.6)      3/4  (3.6) 

Day  6 

1/1  (5.9) 


1/3  (2.0)*-         0/4 

0/4  0/3 

4/4  (4.8)      2/2  (4.4) 

Day  6 

1/1  (6.3) 


1/2(3.6)      2/3(4.1) 

0/3  2/4  (4.4) 

3/4  (7.8)      3/3  (8.2) 

Day  6 

1/1  (4.6) 


"  Challenge  inoculum  =  30  LDso. 

*  Number  pools  positive/Number  pools  tested. 

"  Average  titer  (log  PFU/g)  of  positive  pools. 

''  All  mice  in  group  NI-NI  died  by  end  of  6th  day. 
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lings  bom  of  females  which  were  not  im- 
mune, but  nursed  by  immune  foster  mothers 
were  afforded  as  much  protection  as  those 
bom  to  and  nursed  by  immune  females. 
Moreover,  they  received  more  protection 
than  those  sucklings  which  were  bora  to  im- 
mune mothers  but  nursed  by  nonimmune 
foster  mothers.  Organs  of  sucklings  bom  to 
mothers  which  had  been  immunized  but 
nursed  by  those  who  had  not  been,  generally 
contained  less  virus,  and  their  mortaUty  was 
less  than  that  of  controls.  They  were,  never- 
theless, much  less  protected  than  suckling 
mice  which  had  been  nursed  by  immune 
mothers.  Mortality  has  been  directly  associ- 
ated with  the  extent  of  viral  multipUcation  in 
the  viscera  in  MCMV  (9).  The  presence  of  a 
reduction  in  mortaUty  in  animals  in  which 
antibody  was  not  detected  is  interesting,  but 
not  surprising.  Our  methods  may  be  unable 
to  detect  significant  quantities  of  protective 
humoral  antibody,  or  it  may  be  that  plaque 
reducing  antibody  is  not  a  significant  protec- 
tive factor  (10). 

It  does  seem  reasonable  to  conclude  that 
the  suckling  obtained  an  essential  protective 
factor  (or  factors)  from  an  immune  foster 
mother.  This  observation  is  like  that  reported 
by  many  authors  for  many  infections  in  mice 
as  reviewed  by  Brambell  (5).  It  is  known  that 
immune  globulins  are  secreted  in  murine 
breast  milk  and  are  absorbed  by  the  suckling 
mouse.  Fahey  and  Barth  found  that  IgG  was 
present  in  low  but  detectable  amounts  in 
newborn  mice,  and  in  colostrum  (11).  The 
levels  in  the  suckling  rose  rapidly  during  the 
first  week  then  fell  rapidly  between  the  2nd 
and  4th  weeks  of  life.  By  8  weeks,  the  level 
had  risen  to  that  of  the  adult  mouse.  Our 
results  are  consistent  with  those  observations 
in  that  the  sera  of  immune  mothers  contained 
plaque  reducing  activity  as  did  the  plasma  of 
sucklings  in  the  protected  group(s)  when  it 
was  obtained  after  a  period  of  nursing. 

Other  factors  might  be  operating.  There  is 
evidence  in  mice  that  maternal  cells  can  cross 
the  placenta  (12),  and  that  other  factors  may 
induce  immune  alterations  (13).  Moreover, 
cells  in  breast  milk  capable  of  mediating  cel- 
lular immunity  can  cross  the  neonatal  gut  in 
rats  (14).  Our  crude  attempts  to  obtain  suffi- 
cient quantities  of  milk  to  study  cellular  and 
humoral  factors  were  unsuccessful,  and  it 
should  be  noted  that  we  did  not  determine 


whether  MCMV  was  being  excreted  in  breast 
milk. 

There  is  some  knowledge  of  the  nature  of 
immunity  to  MCMV.  Selgrade  and  Osbom 
have  shown  that  CBA/J  mice  were  more 
resistent  to  MCMV  than  CS7BL6J  mice,  that 
suckling  CS7BL6J  mice  were  more  suscepti- 
ble than  adults,  and  that  the  susceptibility  of 
the  suckling  was  reduced  by  experimental 
transfer  of  syngeneic  macrophages  or  non- 
immune lymphocytes  from  adult  mice  (7). 
There  was  no  difference  in  the  in  vitro  re- 
sponse to  MCMV  of  macrophages  from  these 
various  sources,  thus  this  was  different  than 
what  Johnson  had  shown  for  herpes  virus 
(IS).  Although  differences  in  susceptibility  to 
MCMV  (as  measured  by  comparison  of 
LDsos)  were  shown  to  exist  between  animals 
that  did  not  apparently  differ  in  terms  of  their 
B  and  T  cell  fiinction,  subsequent  studies  by 
Selgrade  et  al  indicated  that  both  T  and  B 
celk  have  some  role  in  host  defense  against 
MCMV  (16). 

Booss  and  Wheelock  have  shown  that 
acute  MCMV  infection  impairs  T-cell  func- 
tion (17)  and  that  MCMV  itself  may  be  the 
significant  suppressive  factor  (18).  Starr  and 
Allison  have  shown  that  MCMV  induced 
death  of  congenitally  athymic  nude  mice  is 
prevented  by  T-lymphocytes  (19). 

Protection  from  human  CMV  infection 
and  disease  seems  as  complex  as  MCMV 
infection.  Cytomegalic  inclusion  disease 
rarely,  if  ever,  occurs  in  infants  bom  after  an 
affected  baby  (20).  Virus  excretion  does  occur 
in  mothers  who  have  complement  fixing  and 
neutralizing  antibody,  and  their  babies  can 
become  infected  in  utero  with  virus  suscepti- 
ble to  those  antibodies  (10).  Cell  mediated 
immunity  as  measured  by  cytotoxicity  or 
lymphocyte  proliferation  is  suppressed  in 
HCMV  infection,  but  these  findings  have  not 
been  made  in  situations  which  could  help 
explain  what  factors  are  essential  for  protec- 
tion of  unbora  or  neonatal  infants. 

The  purpose  of  this  discussion  is  not  to 
provide  a  detailed  analysis  from  which  one 
might  conclude  which  immune  response  is 
the  more  likely  to  be  operative,  but  rather  tc 
review  the  possible  factors  which  will  have  tc 
be  evaluated  in  order  to  leam  how  protection 
was  conferred. 

The  experimental  model  described  pro- 
vides an  opportunity  to  study  the  immune 
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response  and  protection  to  MCMV  in  a  con- 
text analogous  to  the  human  situation  which 
results  in  mental  retardation. 

Summary,  Female  weanling  mice  were  im- 
munized with  suspensions  of  MCMV  infected 
salivary  glands,  then  mated.  Protection  was 
conferred  to  their  young  by  breast  feeding, 
and  to  a  lesser  extent  it  was  acquired  in  utero. 
Protection  was  manifested  by  a  reduction  in 
mortality,  and  by  a  reduction  in  the  quantity 
of  virus  recovered  from  brain,  liver,  spleen, 
and  saUvary  gland  after  challenge  with  30 
LDso.  Neutralization  antibody  (plaque  reduc- 
ing activity)  was  present  in  serum  of  immu- 
nized females  and  in  the  plasma  of  sucklings 
bom  of  and  nursed  by  them,  or  those  only 
nursed  by  them.  It  was  not  present  in  unim- 
munized  females  or  in  sucklings  bom  of  but 
not  nursed  by  immunized  females. 

We  are  indebted  to  Dr.  C.  Susan  Chester  for  perform- 
ing the  neuropathological  examinations  of  the  brains. 
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An  alteration  in  the  meal  pattern  of  ani- 
mals has  been  reported  to  influence  body 
composition,  glucose  tolerance  and  circulat- 
ing lipid  levels  in  a  number  of  studies  (1-4); 
however,  these  observations  have  not  been 
confirmed  in  other  studies  (5-8).  The  present 
study  was  designed  to  evaluate  the  influence 
of  meal  pattern  on  body  weight,  body  com- 
position, glucose  tolerance  and  several 
plasma  metaboUtes  in  growing  pigs.  The  pig 
was  chosen  as  the  animal  model  because  of 
the  physiological  similarities  between  the  pig 
and  the  human  (9). 

Materials  and  methods.  Four  castrated  male 
Yorkshire  pigs  and  four  female  Yorkshire- 
Hampshire  crossbred  pigs  were  assigned  to 
each  of  two  treatments.  Pigs  were  housed  in 
individual  stalls  (46  x  137  cm)  with  con- 
crete-slat floors.  Water  was  available  ad  li- 
bitum from  an  automatic  watering  device. 

Eight  pigs  were  allowed  access  to  diet  for 
4  hr  daily  for  the  first  7  days  and  then  were 
fed  one  4-hr  meal  every  48  hr  for  the  next 
163  days.  Based  on  the  average  food  intake 
of  the  four  castrated  male  pigs,  each  of  the 
four  other  castrated  male  pigs  were  fed  an 
identical  total  amount  of  food  but  as  two 
equally-sized  meals  per  day.  Likewise,  four 
female  pigs  were  similarly  pair-fed  twice 
daily.  Pigs  fed  two  meals  per  day  consumed 
their  entire  meal  within  a  few  minutes  after 
it  was  offered.  Pigs  were  weighed  every  8 
days.  The  corn-soybean  meal  based  diet  con- 
tained 16%  protein  for  the  first  120  days  of 
the  experiment  and  13%  protein  thereafter. 
The  diet  was  initially  fed  in  ground  form  but 
was  pelleted  after  the  first  60  days  to  facilitate 
diet  weigh-back.  One  pig  fed  four  meals  per 

'  Supported  by  NIH  AM  15847  and  by  Research 
Career  Development  Award  NIH  K04  AM  00112  to 
DRR.  Michigan  Agricultural  Experiment  Station  Jour- 
nal Article  No.  8257. 

^  Department  of  Food  Science  and  Human  Nutrition, 
MSU. 

^  Department  of  Animal  Husbandry,  MSU. 


48  hr  died;  however,  the  cause  of  death  was 
not  related  to  the  experiment. 

An  intravenous  glucose  tolerance  test  was 
conducted  after  the  pigs  had  been  meal-fed 
for  ISO  days.  Each  pig  received  900g  diet  24 
hr  prior  to  the  glucose  tolerance  test.  Pigs 
were  restrained  in  a  padded  sling  prior  to  the 
test.  An  indwelling  needle  catheter^  was  es- 
tablished in  an  ear  vein  and  0.75  g  glucose 
(40%  glucose  in  saline)  per  kg  body  weight 
was  injected.  Blood  samples  were  obtained 
from  the  needle  catheter  at  timed  intervals 
after  the  glucose  load. 

To  obtain  estimates  of  the  levels  of  several 
plasma  metabolites  blood  samples  were  ob- 
tained by  puncture  of  the  anterior  vena  cava 
just  prior  to  a  regularly  scheduled  meaL 
Plasma  glucose,^  triglycerides^  and  choles- 
terol (10)  levels  were  determined  as  described. 

Biopsy  adipose  tissue  samples  were  ob- 
tained (11)  4  hr  after  a  regularly  scheduled 
meal.  MaUc  enzyme  (EC  1.1.1.40)  activity 
was  determined  on  the  50,000;  supernatant 
fluid  (12).  Protein  content  of  the  supernatant 
fluid  was  determined  by  the  method  of  Lowry 
e/a/.  (13). 

Pigs  were  killed  and  carcass  data  deter- 
mined by  standard  procedures  (14).  The 
weight  of  muscle  was  also  calculated  (15). 

The  data  were  treated  statisticaUy  by  the 
student's  /  test. 

Results  and  discussion.  Within  20  days  the 
pigs  were  each  able  to  consume  1  kg  of  diet 
in  a  4-hr  period  (Fig.  1).  Food  intake  in- 
creased to  4  kg  in  a  4-hr  period  by  the  end  of 
the  study.  Pigs  fed  more  frequently  consumed 
their  meals  within  a  few  minutes  after  it  was 
offered.  Body  weight  of  the  pigs  remained 
relatively  constant  for  the  first  30-40  days 
and  then   increased  (Fig.    1).  Total  body 

^  Becton,  Dickinson  &,  Co.,  Rutherford,  New  Jersey. 

^Glucostat,  Worthington  Biochemical  Corp.,  Free- 
hold, New  Jersey. 

^Technicon  Autoanalyzer  Triglyceride  Procedure, 
Tarrylown,  New  York. 
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TABLE  I.  Influence  OF  Meal  Frequency  ON 

Body  Weight  Gain  and  on  Carcass 

Measurements  in  the  Pig." 

Meals  per  48  hr 


I.  Body  weight  and  food  intake  of  pigs.  Values 
t  mean  ±  SEM  for  eight  pigs  fed  one  meal  and 
^  fed  four  meals  per  48  hr.  Pigs  fed  four  meals 
r  were  pair-fed  to  those  receiving  one  meal  per 


gain  was  not  influenced  by  the  feeding 
icy  (Table  I).  The  pigs  gained  approx- 
r  0.33  kg  per  day.  They  would  have 
cpected  to  gain  approximately  0.63  kg 
y  had  they  been  fed  ad  libitum.  Pigs 
Iso  been  pair-fed  one  versus  several 
per  day;  no  differences  in  carcass 
gain  were  observed  (16-18).  Likewise, 
d  one  or  four  meals  per  48  hr  exhibited 
erences  in  body  weight  (8).  These  ex- 
nts  as  well  as  others  (2,  7)  suggest  that 
ration  in  meal  frequency  does  not  in- 
I  body  weight,  provided  the  animals 
r-fed. 

nates  of  body  fat  and  muscle  content 
pigs  were  obtained  at  the  end  of  the 
Table  I).  Meal  frequency  did  not  influ- 
e  results.  Rats  force-fed  two  meals  per 
nimulate  more  body  fat  than  ad  libitum 
i  (1,  2).  It  has  also  been  suggested  that 
s  consuming  fewer  meals  per  day  have 
mcy  to  be  fatter  (1).  However,  in  the 
:  study  with  pair-fed  pigs  and  in  other 
studies  with  dogs  (8)  and  rats  (7)  meal 
icy  did  not  influence  body  fat.  The 
s)  for  the  pronounced  influence  of 
-equency  on  body  fat  when  rats  are 
;d,  as  opposed  to  minimal  influences 
inimals  are  pair-fed  meals,  remains  to 
idated. 
were  fed  a  900  g  meal  24  hr  prior  to 


1 


Initial  body  wt,  kg 
Body  wt  gain,  kg 
Carcass  wt,  kg 
Backfat  thickness,  cm 
Fat  trim,  kg 
Longissimus  dorsi 

area,  cm^ 
Muscle,  kg 


24.14  ±  1.79 

63.47  ±  4.29 

60.40  ±  4.03 

1.98  ±0.26 

5.75  ±  0.84 

30.2  ±  0.80 


23.63  ±  1.64* 

54.22  ±  2.84* 

55.29  ±  3.08* 

1.71  ±0.40* 

4.49  ±  0.74* 

26.6  ±  1.40* 


36.60  ±  1.44      32.23  ±  2.35* 


'  Mean  ±  SEM  for  eight  pigs  fed  one  meal  and  seven 
pigs  fed  four  meals  per  48  hr. 

*  Values  were  not  significantly  different  from  pigs  fed 
one  meal  per  48  hr,  P  >  0.05. 

the  glucose  tolerance  test  to  standardize  the 
postabsorptive  state  at  the  time  of  the  glucose 
load.  All  pigs  cleared  the  glucose  with  equal 
efficiency;  meal  frequency  did  not  influence 
the  changes  in  plasma  glucose  following  the 
glucose  load  (Fig.  2).  Similar  results  have 
been  reported  in  meal-fed  dogs  (8).  Likewise, 
an  alteration  in  meal  pattern  had  only  a 
minimal  influence  on  glucose  tolerance  in  the 
chicken  (6)  and  rat  (S)  when  food  intake  prior 
to  the  test  was  controlled.  Failure  to  control 
food  intake  among  the  treatment  groups  may 
alter  the  results  (5,  6,  8).  Humans  have  been 
reported  to  exhibit  an  impaired  glucose  tol- 
erance when  meal  frequency  is  decreased  (1, 
4).  These  results  have  not  been  reproduced  in 
the  rat,  chicken,  dog  or  pig.  It  is  not  possible 
at  this  time  to  determine  the  cause  for  these 
differences  in  response  to  meal  frequency. 

Plasma  glucose,  triglyceride  and  choles- 
terol levels  were  determined  just  prior  to  a 
regularly  scheduled  meal  (Table  II).  Thus,  44 
hr  had  elapsed  since  pigs  fed  once  every  other 
day  had  finished  a  meal  whereas  pigs  fed 
more  frequently  finished  a  meal  12  hr  prior 
to  the  sampling.  The  plasma  metabolites 
measured  were  not  influenced  by  meal  fre- 
quency. In  a  previous  report  serum  choles- 
terol levels  tended  to  be  sUghtly  higher  in  pigs 
fed  ad  libitum  than  in  pigs  fed  one  2-hr  meal 
per  day  (19).  Similarily,  dogs  fed  two  meals 
per  day  had  higher  plasma  cholesterol  levels 
than  did  dogs  fed  one  meal  every  other  day 
(8).  However,  in  a  number  of  other  studies 
(1,  4,  17)  circulating  cholesterol  levels  are 
either  not  changed  or  are  decreased  as  meal 
frequency  is  increased.  It  appears  that  meal- 
frequency  generally  has  a  minimal  influence 
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Fig.  2.  Intravenous  glucose  tolerance  in  pigs  fed  one 
or  four  meals  per  48  hr.  All  pigs  received  900  g  diet  24 
hr  prior  to  the  test.  Each  pig  was  injected  with  0.75  g 
glucose  (a  40%  glucose  solution  in  saline)  per  kg  body 
weight.  Blood  samples  were  obtained  at  timed  intervals 
during  the  next  90  min.  Results  are  expressed  as  increase 
in  plasma  glucose  above  zero-time  values.  Each  point 
represents  the  mean  for  eight  pigs  fed  one  meal  and 
seven  pigs  fed  four  meals  per  48  hr.  Zero-time  values 
were  88  ±  7  and  71  ±  2  mg  glucose  per  100  ml  plasma 
for  pigs  fed  one  and  four  meals  per  48  hr,  respectively. 

TABLE  II.  Influence  OF  Meal  Frequency  ON 

Several  Plasma  Metabolites  and  on  Malic 

Enzyme  Activity  in  Pig  Adipose  Tissue." 


Meals 

per 

48  hr 

1 

4 

Plasma.^ 

Glucose 

99±3 

102  ±5 

Triglycerides 

48  ±3 

59  ±8 

Cholesterol 

108  ±6 

98  ±4 

Adipose.*^ 

Malic  enzyme 

118  ±12 

66  ±6'' 

"  Mean  ±  SEM  for  eight  pigs  fed  one  meal  and  seven 
pigs  fed  four  meals  per  48  hr. 

^  Values  expressed  as  mg  per  100  ml  plasma. 

^  Enzyme  activity  expr^sed  as  nmoles  substrate  uti- 
lized per  minute  per  mg  protein  at  25°. 

''  Significantly  different  from  values  obtained  when 
one  meal  per  48  hr  was  fed,  P  <  0.05. 

on  circulating  cholesterol  levels.  Plasma  tri- 
glyceride levels  were  not  altered  in  the  pigs 
in  agreement  with  other  reports  (4,  8). 

Malic  enzyme  activity  in  the  pig  adipose 
tissue  was  assayed  as  an  indicator  of  lipogenic 
capacity.  Pigs  fed  less  frequently  exhibited  an 
elevated  enzyme  activity  (Table  II).  The  mag- 
nitude of  the  difference  in  enzyme  activity 
between  the  two  groups  is  similar  to  a  pre- 
vious report  (14).  The  elevated  lipogenic  ca- 
pacity of  the  pigs  fed  less  frequently  would 
allow  a  portion  of  the  energy  in  the  high- 
carbohydrate  diet  to  be  stored  as  fat  imme- 
diately after  the  meal.  This  fat  could  then  be 


mobilized  to  supply  a  source  of  energy  durinj 
the  postabsorptive  state;  consequently,  th( 
increased  lipogenic  capacity  would  not  nee 
essarily  result  in  increased  body  fat. 

Summary,  Pigs  were  pair-fed  one  or  fou 
meals  per  48  hr  for  5.5  months.  Meal  fre 
quency  did  not  influence  body  weight  gain 
body  composition,  glucose  tolerance  o 
plasma  glucose,  cholesterol  or  triglycerid( 
levels.  Pigs  fed  less  frequently  exhibited  ele 
vated  malic  enzyme  activity  in  adipose  tissue 

The  authors  wish  to  acknowledge  G.  Miller  for  tb 
care  of  the  pigs,  K.  Muiruri  for  technical  assistance  aii( 
J.  Ansted  for  the  carcass  analyses. 
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1  salicylate  intoxication  continues 
amon  clinical  problem,  especially 
s,  relatively  few  studies  have  been 
on  the  cardiovascular  effects  of 
A  report  of  Tenney  and  Miller  (1) 
the  most  cited  reference  that  deals 
rculatory  effects  of  salicylates,  yet 
was  performed  before  beta  adre- 
iking  agents  were  available.  Ten- 
iller  (1)  concluded  that  salicylates 
ect  stimulating  action  on  cardiac 
ch  probably  is  independent  of  au- 
srvous  activity.  For  the  most  part 
'ascular  effects  of  salicylates  have 
^  in  the  anesthetized  dog  (1,  2); 
)wing  evidence,  however,  that  the 
log  responds  to  certain  physiolog- 
armacological  stimuli  in  a  maimer 
rent  from  that  of  the  anesthetized 
'or  the  above  reasons,  we  have 
in  detail  the  cardiovascular  and 
'espouses  that  are  elicited  by  the 
s  infusion  of  large  doses  of  sodium 
ato  the  conscious  dog. 
.  Experiments  were  performed  on 
nongrel  dogs  weighing  an  average 
Each  dog  was  prepared  for  the 
is  during  a  preliminary  operation 
ithesia  with  sodium  pentobarbital 
body  weight  with  supplements  as 
The  chest  was  entered  aseptically 
side,  and  a  flow  probe  was  placed 
)  ascending  aorta.  Vinyl  catheters 
d  in  the  descending  aorta,  pulmo- 
f,  and  superior  vena  cava  by  the 
of  Herd  and  Barger  (4).  In  addi- 
theter  was  inserted  into  the  left 
ough  a  small  tributary  of  a  pul- 
in.  The  proximal  ends  of  the  cath- 
low  probe  cable  emerged  from  the 
mt  to  the  spinal  colunm  and  were 
in  a  styrofoam  block.  The  wound 
.  with  sutures  and  sealed  with  a 
sing.  During  the  operation  each 
«ived  300  ml  of  5%  dextrose  in 


water  iv;  this  solution  also  contained  one 
million  units  of  aqueous  penicillin  G.  Post- 
operatively, the  animals  received  300,000  U 
of  procaine  penicillin  G  im  daily  for  S  days. 
All  catheters  were  flushed  with  saline  three 
times  each  week  and  filled  with  a  solution  of 
sodium  heparin  in  saline  (1000  U/ml).  A 
nylon  jacket  protected  the  catheters  and  flow 
probe. 

Each  dog  was  allowed  to  recover  from  the 
operation  for  at  least  1  week  and  was  trained 
to  rest  quietly  in  an  animal  stand.  During 
each  experiment  pressures  in  the  aorta,  pul- 
monary artery,  left  atrium,  and  superior  vena 
cava  were  monitored  continuously  using  Sta- 
tham  P23Db  transducers.  Cardiac  output  was 
measured  with  an  electromagnetic  flowmeter 
and  a  circuit  that  automatically  zeroed  the 
baseline  of  aortic  flow  on  a  beat-to-beat  basis 
(5).  All  pressures  and  flow  signals  were  re- 
corded on  an  oscillographic  recorder.  Data 
were  analyzed  by  an  automatic  data  averager 
that  accurately  computed  the  time-integrated 
mean  value  of  up  to  seven  inputs  and  printed 
a  copy  of  the  results  (6).  Total  peripheral 
vascular  resistance  and  pulmonary  vascular 
resistance  were  calculated  by  standard  meth- 
ods (7). 

Sodium  salicylate  was  dissolved  in  distilled 
water  to  produce  an  isotonic  solution  (24 
mg/ml)  which  was  inftised  intravenously  at 
a  rate  of  20  mg/kg/min.  Three  different  doses 
of  sodium  salicylate  were  infused  into  each 
dog  according  to  the  following  sequence:  day 
1,  1(K)  mg/kg;  day  2,  recovery  period;  day  3, 
200  mg/kg;  day  4  and  day  S,  recovery  period; 
day  6,  2W)  mg/kg  after  pretreatment  with 
propranolol  (2  mg/kg);  day  7  and  day  8, 
recovery  period;  day  9,  3(X)  mg/kg.  In  addi- 
tion, isotonic  saline  in  a  volume  comparable 
to  each  of  the  three  salicylate  doses  was  given 
to  some  animals  at  the  same  rate  to  examine 
the  effect  of  the  volume  load  itself  on  the 
cardiovascular  system.  The  recovery  periods 
were  adequate  to  allow  dissipation  of  the 
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effects  of  the  previous  dose  of  salicylate  as 
evidenced  by  a  normal  acid-base  status  and 
undetectable  levels  of  plasma  salicylate  in  all 
control  periods. 

Rectal  temperature  of  the  animal  was  con- 
tinuously monitored  with  a  thermistor  probe. 
Arterial  blood  samples  were  drawn  anaero- 
bically.  Plasma  pH,  PO2,  and  PCO2  were 
measured  with  appropriate  electrodes  main- 
tained at  37°.  Appropriate  coefficients  were 
used  for  temperature  correction  for  pH  (8), 
PO2,  and  PCO2  (9).  Plasma  bicarbonate  val- 
ues were  calculated  from  pH  and  PCO2 
using  the  Henderson-Hasselbalch  equation. 
Plasma  salicylate  concentration  was  deter- 
mined according  to  the  method  of  Trinder 
(10). 

The  data  in  the  table  and  figures  are  ex- 
pressed as  the  mean  ±  SE.  The  paired  /  test 
was  used  to  determine  whether  the  changes 
induced  by  salicylate  infusion  were  signifi- 
cantly different  from  control  values.  The 
analysis  of  variance  (Ftest)  and  a  sequential 
variant  of  the  Q  method  (11),  originally  de- 
signed by  Newman  and  Keuls,  were  used  to 
determine  whether  the  peak  changes  induced 
by  a  given  dose  of  salicylate  differed  signifi- 
cantly from  the  response  at  other  dose  levels. 
All  P  values  of  greater  than  0.05  were  consid- 
ered to  be  statistically  insignificant. 

Results,  The  mean  hemodynamic  responses 
of  1 1  conscious  dogs  to  the  intravenous  in- 
fusion of  sodium  salicylate  (200  mg/kg)  are 
summarized  in  Fig.  1.  Heart  rate,  cardiac 
output,  and  pulmonary  arterial  pressure  in- 
creased following  salicylate  infusion  while 
total  peripheral  resistance  decreased.  The 
maximum  changes  in  these  variables  oc- 
curred at  the  end  of  the  10-min  infusion 
period,  but  the  values  remained  significantly 
different  from  their  respective  control  meas- 
urements throughout  the  entire  experiment. 
The  increase  in  cardiac  output  was  caused 
almost  entirely  by  an  increase  in  heart  rate; 
stroke  volume  remained  essentially  un- 
changed with  the  exception  of  a  slight  in- 
crease that  occurred  5  min  after  the  infusion 
began.  Aortic  pressure  increased  initially  and 
then  gradually  decreased  to  below  control 
measurements  approximately  1  hour  after  the 
onset  of  the  infusion.  Both  central  venous 
pressure  and  left  atrial  pressure  gradually 
decreased  with  time.  Pulmonary  vascular  re- 
sistance was  not  altered  significantly  by  salic- 
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Fig.  1.  Time  course  of  the  mean  cardiovascuL 
sponses  following  the  intravenous  infusion  of  so 
salicylate  (200  mgAg)  with  and  without  pretitai 
with  propranolol  (2  mgAg).  The  10-min  infusion  p 
is  denoted  by  the  bold  horizontal  line.  Abbrevii 
used  are:  HR«  heart  rate;  CO,  cardiac  output;  SV.  s 
volume;  AP,  aortic  pressure;  TPR,  total  peripher 
sistance;  CVP,  central  venous  pressure;  PAP,  pulm< 
arterial  pressure;  LAP,  left  atrial  pressure;  and 
pulmonary  vascular  resistance.  An  asterisk  indicate 
ues  that  are  significantly  different  from  control  mei 
ments  (P  <  0.05  by  paired  1  test,  n  -  1 1). 

ylate  infusion.  Infusion  of  a  volume  of  sj 
equal  to  that  of  the  salicylate  infusion  f; 
to  produce  any  significant  cardiovasc 
changes  in  the  five  dogs  tested  (not  she 
thus  indicating  that  the  changes  obsc 
after  saUcylate  infusion  were  caused  b] 
substance  itself,  and  not  by  the  volum 
fluid  added.  Figure  1  also  illustrates  the  c 
of  sodium  saUcylate  after  beta  adren 
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ade  (propranolol,  2  mg/kg).  The  maxi- 

increases  in  heart  rate  and  cardiac  out- 
Ucited  by  saUcylate  were  attenuated  by 
)ximately  60%  after  pretreatment  with 
anolol,  whereas  the  decrease  in  total 
heral  resistance  was  attenuated  by  ap- 
mately  33%.  Pretreatment  with  propran- 
dso  altered  the  response  of  the  pulmo- 
vasculature  to  the  salicylate  infusion  as 
need  by  the  significant  increase  in  pul- 
iry  vascular  resistance  induced  by  salic- 
after  propranolol  was  given.  Other  car- 
scular  responses  elicited  by  salicylate 

relatively  unaffected  by  pretreatment 
propranolol. 

e  peak  hemodynamic  changes  elicited 
ree  doses  of  sodium  salicylate  are  shown 
g.  2.  Salicylate  produced  significant  in- 
cs  in  heart  rate,  cardiac  output,  aortic 
lire,  and  pulmonary  arterial  pressure, 
iignificant  decreases  in  total  peripheral 
ance,  left  atrial  pressure,  and  central 
lis  pressure.  Pulmonary  vascular  resist- 
increased  slightly  after  each  of  the  three 

of  saUcylate,  but  the  increases  did  not 
'  significantly  from  control  values  (P  > 

Although  all  cardiovascular  changes 
ired  to  have  a  dose-dependent  tendency, 
lalysis  of  variance  indicated  that  only 
/ariables,  AHR,  ACO,  ATPR,  and  APAP 
ed  significant  dose-dependent  changes 

O.OS).  The  maximal  response  of  these 
variables  to  a  dose  of  200  mg/kg  was 
Icantly  greater  than  the  response  to  100 
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r.  2.  Peak  cardiovascular  changes  produced  by  the 
inous  infusion  of  three  doses  of  sodium  salicylate. 
jcmk  indicates  values  that  are  significantly  differ- 
3m  their  respective  control  measurements  {P  < 
y  paired  /  test).  The  number  of  animals  studied 
K  1 1,  and  9  for  doses  of  100,  200,  and  300  mg/kg, 
tively.  Abbreviations  used  are  the  same  as  those  in 


mg/kg  (P  <  0.05).  On  the  other  hand,  the 
responses  to  a  dose  of  300  mg/kg  were 
sUghtly  less  than  the  responses  to  a  dose  of 
20O  mgAg»  but  the  differences  did  not  reach 
statistical  significance  (P>  O.OS). 

Data  of  plasma  salicylate  concentration, 
body  temperature,  and  arterial  plasma  pH, 
PCO2,  {HCO3") ,  and  PO2  are  shown  in  Table 
I.  The  concentrations  of  salicylate  in  plasma 
at  IS  min  after  infusion  were  24  ±  1,  42  ±  1, 
and  60  ±  2  mg/100  ml  of  plasma  for  doses  of 
100,  200,  and  300  mg/kg,  respectively. 
Plasma  salicylate  concentration  then  de- 
creased with  time  as  shown  in  Table  I.  The 
mean  control  body  temperature  of  the  dog 
ranged  from  39.3  to  39.6°;  it  was  not  signifi- 
cantly altered  by  any  of  the  three  doses  of 
salicylate.  Arterial  plasma  pH  and  PO2  in- 
creased following  salicylate  administration 
while  PCO2  decreased  and  {HCO3")  de- 
creased slightly  or  did  not  change.  We  regu- 
larly observed  an  increase  in  the  respiratory 
rate  after  salicylate  was  given.  Pretreatment 
with  propranolol  did  not  alter  the  acid-base 
and  PO2  changes  elicited  by  salicylate  (not 
shown  in  Table  I).  The  emetic  threshold  of 
our  conscious  dog,  at  a  comparable  infusion 
rate,  was  about  equal  to  that  reported  in  the 
conscious  cat  (12);  vomiting  occurred  in  all 
dogs  during  the  10-min  inftision  of  salicylate 
at  doses  of  200  mg/kg  or  higher. 

Discussion.  In  conscious  dogs,  sodium  sa- 
licylate produced  an  increase  in  cardiac  out- 
put, a  decrease  in  total  peripheral  resistance, 
and  a  biphasic  response  in  aortic  pressure  (an 
initial  increase  followed  by  a  decrease  to  be- 
low control  values).  These  hemodynamic 
changes  are  generally  comparable  to  those 
reported  in  the  anesthetized  dogs  (1).  They 
differ,  however,  in  that  the  cardiac  output  of 
our  conscious  dogs  was  increased  by  an  in- 
crease in  heart  rate  whereas  this  was  accom- 
plished by  an  increase  in  stroke  volume  in 
the  anesthetized  dogs  (1).  In  conscious  dogs, 
sodium  saUcylate  also  produced  an  increase 
in  pulmonary  arterial  pressure  and  decreases 
in  left  atrial  pressure  and  central  venous  pres- 
sure. The  increase  in  pulmonary  arterial  pres- 
sure was  largely  attributable  to  an  increase  in 
pulmonary  blood  flow  under  normal  condi- 
tions. The  decreases  in  left  atrial  pressure  and 
central  venous  pressure  were  probably  due  to 
vasodilation  of  the  peripheral  vasculature. 
These  hemodynamic  changes  elicited  by  sa- 
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TABLE  1.  Plasma  Salicylate  Concentration.  Body  Temperature,  and  Arterial  pH  and  Blood  Gases 

After  iv  Na  Salicylate. 


Dose 

(mg/kg) 

100 
200 
300 

100 
200 
300 

100 
200 
300 

100 
200 
300 

100 
200 
300 

100 
200 
300 

n 

~13 
12 
9 

12 
11 
6 

12 
10 
6 

Control 

0 
0 
0 

39.4  ±  0.2 

39.5  ±  0.3 
39.3  ±  0.3 

7.42  ±  0.01 
7.42  ±  0.01 
7.40  ±  O.OI 

60min 

120  min 

{Sal}pl-(mg%) 

21  ±  1 
39  ±  I 
55  ±3 

19  ±  1 
36  ±  I 
50  ±2 

Body  temp.  (**C) 

39.5  ±0.1 

39.5  ±  0.2 
39.3  ±  0.2 

7.45  ±  O.OI • 
7.45  ±  O.OI • 
7.49  ±  0.02* 

31.2  ±0.8* 

32.1  ±0.7* 

28.3  ±  i.r 

21.2  ±0.5* 

21.8  ±0.4 

21.4  ±0.7 

93.6  ±  1.3* 

95.9  ±  1.2* 

96.5  ±  1.8* 

39.2  ±  0.2 

39.3  ±  0.2 
38.9  ±0.1 

pH 

7.45  ±  0.01 

7.48  ±  0.01* 

7.49  ±  0.02* 

PCO2  (mmHg) 
{HCO3-}  (mAO 
PO2  (mmHg) 

12 
11 
6 

12 
10 
6 

12 
11 
6 

35.2  ±1.1 

36.1  ±  I.l 

35.0  ±  0.2 

22.8  ±  0.7 
22.4  ±  0.5 

21.9  ±0.5 

90.2  ±  1.7 
91.9  ±  1.7 

88.1  ±2.3 

31.1  ±0.7 
29.8  ±  0.8« 
28.3  ±  0.7* 

20.7  ±  0.5 

21.2  ±0.9 
21.1  ±  1.0 

95.0  ±  2.3 

96.3  ±  1.2* 
92.5  ±  3.5 

"  Plasma  salicylate  concentration. 

*  Significantly  different  from  control  {P  <  0.05). 

licylate  were  dose-dependent  and  a  maxi- 
mum response  was  obtained  at  a  dose  of  2(X) 
mg/kg. 

The  mechanism  of  the  hemodynamic 
changes  elicited  by  salicylate  is  not  entirely 
clear.  Tenney  and  Miller  (1)  proposed  that 
the  increase  in  cardiac  output  elicited  by 
salicylate  is  independent  of  any  nervous  in- 
fluence and  is  mediated  through  a  direct  stim- 
ulation of  the  salicylate  ion  on  the  myocar- 
dium. Their  conclusion  was  based  upon  data 
indicating  that  the  alpha  adrenergic  antago- 
nist, phenoxybenzamine,  and  the  ganglionic 
blocker,  tetraethyl  ammonium  chloride,  did 
not  prevent  the  initial  pressure  increase  elic- 
ited by  salicylate.  Supporting  evidence  was 
provided  by  others  who  found  that  intrave- 
nous infusion  of  salicylate  caused  a  typical 
positive  inotropic  response  after  procaine  had 
been  infused  epidurally  to  produce  sympa- 
thetic block  (2).  In  addition,  low  concentra- 
tions of  salicylate  have  been  reported  to  in- 
crease contractility  of  the  isolated  heart  (13). 
These  results  along  with  our  data  indicating 
that  propranolol  did  not  completely  abolish 
the  salicylate-induced  increases  in  heart  rate 
and  cardiac  output  support  the  hypothesis 
that  salicylate  does  exert  a  positive  inotropic 
effect  directly  on  the  myocardium.  On  the 
other  hand,  since  beta  adrenergic  blockade 
with  propranolol  significantly  attenuated  the 


increases  in  heart  rate  and  cardiac  outpui 
caused  by  salicylate,  our  results  provide  sonu 
evidence  that  these  responses  may  be  attrib- 
uted partly  to  the  activation  of  beta  adrener- 
gic  receptors.  This  view  is  consistent  with  the 
observation  that  large  doses  of  salicylate  ac- 
tivate central  sympathetic  centers  (13).  Oui 
results  also  suggest  that  salicylate  may  acti- 
vate the  beta  adrenergic  receptors  in  the  p^ 
ripheral  vasculature  because  pretreatmeni 
with  propranolol  attenuated  the  decrease  in 
total  peripheral  resistance  elicited  by  salicy- 
late. Moreover,  the  increase  in  pulmcmai) 
vascular  resistance  induced  by  salicylate  aftei 
pretreatment  with  propranolol  may  imply 
that  salicylate  normally  activates  both  vaso- 
dilator (beta)  and  vasoconstrictor  mecha- 
nisms. That  is,  the  beta  receptor  blockade 
may  have  eliminated  the  vasodilation  and 
thus  unmasked  the  vasoconstriction.  It  should 
be  kept  in  mind,  however,  that  propranolol 
may  exert  its  effect  through  nonspecific  mem- 
brane actions  or  through  effects  on  the  central 
nervous  system.  Therefore  the  question  re- 
garding the  effect  of  salicylate  on  the  activa- 
tion of  beta  adrenergic  receptors  is  not  com- 
pletely settled. 

Sodium  salicylate  did  not  alter  the  body 
temperature  of  our  conscious  dogs  even 
though  comparable  doses  of  salicylate  pro- 
duce hyperthermia  in  the  anesthetized  dog 
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ilicylate  increases  heat  production  by 
)ling  oxidative  phosphorylation  in  mi- 
dria  (15)  with  a  consequent  increase  in 
I  consumption  (14),  but  it  also  increases 
issipation  through  peripheral  vasodi- 
The  net  effect  on  body  temperature 
epends  on  the  balance  of  these  two 
Qg  changes,  and  it  appears  that  this 
e  is  altered  by  anesthesia, 
^late  produces  respiratory  alkalosis  in 
Qscious  dogs  as  evidenced  by  an  in- 
in  arterial  plasma  pH,  a  decrease  in 
and  no  significant  change  in  bicarbon- 
icentration.  Thus  the  respiratory  re- 
of  these  animals  is  similar  to  that  of 
1  human  subjects  given  comparable 
f  salicylate  (16).  Since  CO2  production 
sased  following  salicylate  administra- 
,  14),  the  observed  decrease  in  arterial 
suggests  that  the  salicylate  infusion 
«d  alveolar  ventilation.  Salicylate  also 
«s  hypocapnea  in  anesthetized  dogs, 
mild  bicarbonate  deficit  is  superim- 
on  the  respiratory  alkalosis  (14).  The 
e  of  the  bicarbonate  deficit  in  our  ex- 
nts  may  be  attributable  to  the  vomiting 
occuned  consistently  when  doses  of 
}/kg  or  higher  were  given. 
mary.  The  hemodynamic  changes  fol- 
intravenous  infusions  of  sodium  salic- 
^ere  measured  in  conscious  dogs.  The 
1  saUcylate  produced  dose-dependent 
ies  in  heart  rate,  cardiac  output,  and 
nary  arterial  pressure,  and  a  dose-de- 
it  decrease  in  total  peripheral  resist- 
vith  maximum  responses  being  ob- 
at  the  dose  of  200  mg/kg.  Sodium 
ite  also  produced  decreases  in  left 
pressure  and  central  venous  pressure 
biphasic  response  in  aortic  pressure, 
itment  with  propranolol  significantly 


attenuated  the  increases  in  heart  rate  and 
cardiac  output,  as  well  as  the  decrease  in  total 
peripheral  resistance  elicited  by  sahcylate, 
thus  implying  that  the  salicylate-induced  car- 
diovascular responses  are  mediated  partly 
through  the  activation  of  beta  adrenergic  re- 
ceptors. 
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The  distribution  of  blood  flow  in  periph- 
eral vascular  areas  is  known  to  be  influenced 
by  neural  (1-4),  myogenic  (S)  and  hormonal 
(6,  7)  mechanisms.  The  dog  hindpaw  is 
unique  for  studying  these  controls  because 
there  are  two  major  vascular  circuits  present 
connected  in  parallel.  These  are  the  nutri- 
tional or  capillary  circuits  and  the  noimutri- 
tional  or  arterio-venous  anastomosis  circuits. 
The  dog  hindpaw  vasculature  receives  its  in- 
nervation from  three  separate  nerves  that 
affect  the  arteries,  small  vessels  and  veins  in 
distinctly  different  combinations  (8,  9).  The 
deep  flbular  nerve  and  the  tibial  nerve  are 
reported  to  constrict  arterial  and  small  vessel 
segments  when  stimulated.  Superficial  fibular 
nerve  stimulation  causes  small  vessel  segment 
and  venous  segment  constriction. 

The  present  study  is  to  determine  the  ef- 
fects of  stimulation  of  each  of  these  nerves  at 
several  frequencies  on  blood  flow  and  volume 
distribution  under  conditions  of  controlled 
perfusion  pressure. 

Methods.  Seventeen  mongrel  dogs  averag- 
ing 18  kg  in  weight  were  pretreated  with  10 
mg/kg  morphine  sulfate  and  anesthetised 
with  15-20  mg/kg  pentobarbital.  The  right 
hind  paw  was  neurally  and  vascularly  iso- 
lated at  the  ankle  joint.  The  cranial  tibial 
artery,  saphenous  vein,  the  tibial  nerve,  su- 
perficial fibular  nerve  and  deep  fibular  nerve 
were  isolated.  The  nerves  were  doubly  ligated 
and  sectioned.  The  skin  flap  produced  by  the 
isolation  procedures  was  used  as  a  seal  for  an 
air-filled  volume  recorder  (plethysmograph). 

The  animals  were  given  10  mg/kg  heparin. 
The  saphenous  vein  was  cannulated  so  that 
the  blood  flow  passed  through  a  scintillation 
detector.  Venous  outflow  pressure  was  altered 
by  a  Starling  Resistor  for  CFC  measure- 
ments. The  cranial  tibial  artery  was  perfused 
under  controlled  pressure  conditions  from  a 
femoral  artery  by  means  of  tubing  having 
sidearms  for  measurement  of  perfusion  pres- 
sure and  injection  of  indicators.  The  perftised 


blood  was  kept  at  37^  by  means  of  a  heat 
exchanger.  During  the  caimulation  proce- 
dure, blood  flow  to  the  hindpaw  was  inter- 
rupted for  less  than  one  minute. 

Stimulations  of  the  superficial  fibular  nerve 
(60  volts,  0.3  msec  duration),  the  deep  fibular 
nerve  (40  V,  0.3  msec  duration),  and  the  tibial 
nerve  (60  V,  0.3  msec  duration)  were  made  at 
0.1,  1,  5,  and  11  Hz.  Stimulation  frequencies 
higher  than  11  Hz  reduced  blood  flow  to 
levels  where  the  indicator  data  were  not  re- 
producible. Elapsed  time  of  stimulation  of 
each  nerve  averaged  nine  minutes.  Only  ex- 
periments in  which  the  blood  flow  change 
was  maintained  for  the  entire  stimulation 
period  are  included. 

The  duration  of  the  experiments  was  vari- 
able. Sufficient  postsurgical  time  was  allowed 
for  the  animals  to  stabilize  and  the  hindpaws 
to  become  isovolumetric.  It  was  unnecessary 
to  immobilize  the  animals  with  a  curarelike 
drug  since  stimulation  of  the  nerves  did  not 
consistently  elicit  movement  of  the  paw  and 
in  those  instances  where  some  movement  did 
occur,  the  data  was  not  diflerent  from  paws 
that  did  not  show  contractions. 

All  measurements  were  made  during  con- 
trol periods  and  during  each  period  of  nerve 
stimulation  and  recorded  on  an  Electronics 
for  Medicine  DR-8  recorder.  Systemic  arte- 
rial pressure,  paw  perfusion  pressure  and  ve- 
nous outflow  pressure  were  monitored  using 
Statham  P23AA  transducers.  Total  paw  vol- 
ume changes  were  measured  with  the  air- 
fiUed  plethysmograph  connected  to  a  Sta- 
tham P23-2D-3()0  pressure  transducer.  The 
sensitivity  of  the  system  was  2  cm  of  recorder 
deflection  per  milliliter  change  in  paw  vol- 
ume. Arterial  inflow  was  monitored  with  a 
Carolina  Medical  electromagnetic  flowmeter. 
Venous  outflow  was  measured  by  a  timed 
collection  of  the  effluent  in  a  graduated  cyl- 
inder (a  separate  collection  was  made  for 
each  injected  isotope).  Blood  containing  iso- 
tope was  not  returned  to  the  dog  but  rather 
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luous  infusion  of  homologous,  hepa- 
donor  blood  was  made  at  approxi- 
;he  same  rate  as  venous  outflow.  The 
of  donor  blood  infused  was  sufficient 
tain  the  dog's  mean  arterial  pressure 
t  and  averaged  1300  ml  per  experi- 
)apiilary  filtration  coefficient  (CFC) 
asured  by  rapidly  increasing  the  ve- 
itflow  pressure  10  mmHg  with  the 
resistor.  This  produces  an  initial 
crease  in  paw  volume  due  to  venous 
3n  followed  by  a  slower  increase  due 
ard  fdtration  of  fluid  (5,  10).  The 
ig  equation  using  this  flltration  slope 
e  plethysmograph  record  and  the  ve- 
sssure  change  was  used.  The  assump- 
s  made  that  80%  of  the  venous  pres- 
rement  is  transmitted  to  the  capillar- 

100  (fdtration  rate)/0.8 

/enous  pressure  change)(paw  weight) 

onceivable  that  the  0.8  factor  would 
accurate  under  all  conditions.  Since 
X)mpliance  and  radius  may  vary  with 
ental  conditions  the  fraction  trans- 
vould  be  expected  to  be  greater  with 
lilation  and  less  with  venous  constric- 

e  vascular  volumes  were  measured 
d  cells-^^Cr  and  albumin- ^^4  as  indi- 
rhe  red  cells  were  labeled  as  previ- 
^ported.  A  0.25  ml  aliquot  of  these 
-5  mCi  *^Cr)  was  injected  as  a  bolus 
dearm  of  the  arterial  cannula  as  was 

of  albumin-^3^1  (0.3-0.5  mCi  ^^4). 
iicators  were  injected  separately  and 
ultaneously.  The  time-concentration 
if  the  venous  effluent  were  monitored 
sviously  described  hole-through  scin- 

detector  and  rate  meter  (10).  Each 
1  was  made  in  less  than  1  sec  and 
li  this  transiently  changed  pressure 
V  the  recording  showed  no  persistent 
in  vascular  resistance.  Completion  of 
tion  curve  was  ascertained  by  return 
ecording  to  background  levels.  Indi- 
x)very  was  subsequently  measured  by 
aing  the  radioactivity  of  a  mixed  sam- 
e  venous  effluent  collected  during  the 
)f  injection.  Blood  flow  and  vascular 
were  calculated  from  the  time-con- 


centration curves  by  the  method  of  Hamilton 
et  al,  (11).  There  was  no  distortion  of  the 
curves  due  to  recirculation  since  all  the  indi- 
cators were  collected  in  graduated  cylinders 
and  not  returned  to  the  animals.  The  volume 
of  the  system  from  the  point  of  injection  to 
the  point  of  detection  by  the  probe  was  cal- 
culated by  multiplying  the  mean  transit  time 
(MTT)  in  seconds  by  the  measured  flow  in 
milliliters  per  second.  The  vascular  volume 
was  then  calculated  by  subtracting  the  vol- 
ume of  the  inflow  and  outflow  tubing  from 
the  total  volume.  The  changes  in  vascular 
volume  were  compared  to  each  other  as  well 
as  to  those  noted  from  the  volume  recorder. 

Capillary  diffusion  capacity  (PS)  was  cal- 
culated from  the  extraction  of  0.25  ml  bolus 
injection  containing  3-5  mCi  of  ^RbCl  using 
the  following  equation:  PS  =  — Q  In  (1-E)  in 
which  Q  is  the  blood  flow  in  milliliters  per 
minute  per  100  g  tissue  and  E  is  the  extraction 
of  ^RbCl.  The  extraction  was  measured  by 
collecting  the  venous  outflow  in  a  graduated 
cylinder  and  subtracting  the  amount  of  indi- 
cator collected  from  the  amount  injected.  Our 
method  differs  from  that  of  Renkin  (12)  in 
that  a  bolus  injection  was  used  rather  than  a 
constant  arterial  infusion.  Theoretically,  E 
should  be  the  same  for  either  method  if  up- 
take by  the  cells  can  keep  pace  with  transcap- 
illary  diffusion.  If  the  tissue  cell  membranes 
limit  interstitial  clearance  of  the  indicator, 
back  diffusion  would  introduce  an  error  when 
flow  is  changed  from  control.  Comparison  of 
the  time-concentration  curves  of  ^Rb  and 
albumin- ^^^I  by  the  method  of  Martin  and 
Yudilevich  (13)  indicate  that  back  diffusion 
was  minimal  in  these  types  of  experiments. 

Even  though  it  has  been  reported  by  Ren- 
kin that  PS  may  not  adequately  reflect 
changes  in  capillary  surface  area  when  flow 
is  changing,  the  calculation  was  made  under 
constant  pressure  perfusion.  This  was  done  to 
determine  how  PS  changes  compare  with 
CFC  changes  which  are  not  considered  to  be 
as  blood  flow  dependent. 

All  data  are  reported  with  standard  error 
of  the  means  (SEM).  Appropriately  related 
points  were  evaluated  with  a  paired-/  test. 

Results,  Hemodynamic  changes  (Fig,  1), 
The  hindpaws  perfused  under  conditions  of 
controlled  pressure  (93  ±  4  mmHg)  exhibited 
progressive  decreases  in  blood  flow  and  in- 
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Fig.  1.  Hemodynamic  responses  to  several  stimula- 
tion rates  of  the  superficial  fibular  nerve,  deep  fibular 
nerve  and  tibial  nerve  during  controlled  pressure  perfu- 
sion of  17  experiments.  Brackets  indicate  ±SEM. 

creases  in  resistance  with  stimulation  fre- 
quency. The  responses  of  all  three  nerves 
were  similar. 

Vascular  and  tissue  volume  changes  (Fig,  2), 
Stimulation  of  the  superficial  fibular  nerve  at 
0.1  Hz  caused  a  small  but  significant  (P  < 
O.OS)  decrease  in  total  tissue  volume  but  no 
change  in  vascular  volume  as  measured  by 
red  cells-^^Cr  and  albumin-^^4.  Total  tissue 
volume  increased  at  1  Hz  and  S  Hz  (P  < 
0.01)  and  remained  at  that  level  at  11  Hz. 
Edema  was  easily  observed  at  the  higher 
frequencies.  Vascular  volume  decreased  min- 
imally but  insignificantly  with  increasing 
rates  of  stimulation. 

Stimulation  of  the  deep  fibular  nerve  and 
the  tibial  nerve  each  caused  progressive  de- 
creases in  total  tissue  volume  and  vascular 
volume  which  were  significantly  less  than 
control  from  0.1  Hz  to  1 1  Hz  (P  <  0.05). 

Indicator  Recovery  (Fig,  3),  The  recovery 
of  red  cells-^^Cr  and  albumin- ^^'I  was  essen- 
tially complete  at  all  stimulation  frequencies 
of  ail  three  nerves,  and,  therefore,  the  data 
are  reported  as  one  group. 

The  recovery  of  *Rb  decreased  progres- 
sively for  all  three  nerves  as  the  stimulation 
frequency  increased  from  0.1  to  S  Hz.  At  11 
Hz  the  recovery  continued  to  decrease  with 
tibial  nerve  stimulation  but  increased  with 
deep  fibular  nerve  and  superficial  fibular 
nerve  stimulation. 

PS  and  CFC  Changes  (Fig  4).  The  capil- 
lary surface  area  available  for  exchange  was 
assessed  by  determining  the  capillary  filtra- 


tion coefficient  (CFC)  and  by  calculating  the 
PS  product.  Tibial  nerve  stimulation  in- 
creased PS  and  CFC  progressively  with  stim- 
ulation rates  up  to  5  Hz  and  did  not  increase 
fiirther  at  1 1  Hz.  Deep  fibular  nerve  stimu- 
lation caused  increases  in  PS  and  CFC  values 
at  0.1  Hz  and  1.0  Hz.  While  CFC  increased 
at  5  Hz  PS  declined  slightly  but  remained 
significantly  above  control  (P  <  0.05).  At  11 
Hz  PS  decreased  to  below  control  values  and 
CFC  decreased  to  the  control  level.  When  the 
superficial  fibular  nerve  was  stimulated  the 
PS  increased  at  0.1  Hz  and  1.0  Hz  but  then 
decreased  at  5  Hz  and  1 1  Hz  to  approximately 
the  control  levels.  Stimulation  of  this  nerve 
did  not  change  the  CFC  from  the  control  at 
any  stimulation  rate. 

Discussion,  The  evidence  for  separate  in- 
nervation of  the  series  coupled  arteries,  small 
vessels  and  veins  in  the  dog  hindpaw  (1,  8) 
would  lead  to  the  expectation  that  the  nerves 
involved  would  individually  influence  blood 
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Fig.  2.  Vascular  and  tissue  volume  changes  with 
stimulation  rates.  Brackets  indicate  ±SEM. 
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Fig.  3.  Indicator  recoveries  with  stimulation  rates. 
Brackets  indicate  ±SEM. 
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and  volume  distribution  as  well.  The 
in  this  report  indicate  that  there  are 
-ences  between  the  effects  of  the  nerves 
>i  also  depend  upon  the  frequency  of 
ilation  of  each  nerve. 
perficial  fibular  nerve  stimulation.  Stim- 
)n  of  the  superficial  fibular  nerve  under 
oiled  pressure  conditions  caused  de- 
ed blood  flow  consequent  to  increased 
ance.  It  has  been  demonstrated  by  Ham- 
1  et  al.  (9)  who  measured  segmental  re- 
ice  changes  that  stimulation  of  this  nerve 
ased  small  vessel  resistance  somewhat 
/enous  resistance  to  a  much  greater  de- 
mih  no  effects  on  arterial  resistance.  The 
in  this  report  would  support  these  find- 
The  progressive  increases  in  total  tissue 
ne  with  no  effect  on  vascular  volume  as 
ilation  frequency  was  increased  would 
3rt  strong  venous  constriction,  with  con- 
d  arterial  inflow  due  to  the  relatively 
small  vessel  segment  constriction.  This 
d  result  in  blood  pooling  in  the  small 
and  capillaries.  This  pooling  would  el- 
the  venous  pressure  resulting  in  pro- 
ively  greater  outward  capillary  filtration 
lid  as  the  stimulation  rate  was  increased, 
•educed  downstream  venous  volume  and 
consequent  pooling  in  the  small  veins 
rently  resulted  in  no  net  vascular  volume 
ge.  Therefore,  the  change  in  total  tissue 
ne  represented  extravascular  fluid  ac- 
ilation.  It  is  difficult  to  assess  the  lack  of 
iment  between  the  PS  and  CFC  values. 
I  blood  flow  redistribution  should  be 
:ted  by  changes  in  these  values  one 
d  be  forced  to  conclude  that  on  the  basis 
e  CFC  values  little  redistribution  oc- 
d  at  any  stimulation  frequency  although 
was  a  tendency  to  lower  CFC  at  1 1  Hz, 
ating     either     increased     precapillary 


sphincter  constriction  or  less  uniform  perfu- 
sion of  the  capillary  bed.  Also,  the  CFC  may 
not  be  accurate  under  these  conditions  of 
large  vein  constriction  as  a  smaller  percentage 
of  the  venous  pressure  change  would  be  trans- 
mitted to  the  capillaries,  and  therefore  the 
CFC  may  be  underestimated.  The  PS  values, 
however,  increased  at  0.1  and  1  Hz  and  then 
decreased  at  S  Hz,  and  to  below  control  levels 
at  11  Hz.  The  increased  PS  values  might 
reflect  a  larger  extraction  of  Rb^  due  to  the 
higher  outward  filtration  of  fluid  than  would 
occur  when  there  is  little  net  filtration.  One 
could  expect  the  extraction  to  be  proportion- 
ally greater  at  S  Hz  and  1 1  Hz  if  extraction  is 
filtration  dependent  since  outward  filtration 
was  greatest  at  these  frequencies.  Blood  flow 
decreased  to  very  low  levels  at  these  rates  of 
stimulation  but  the  extraction  did  not  in- 
crease proportionally.  It  is,  however,  difficult 
to  accept  redistribution  of  blood  flow  away 
from  the  capillary  bed  when  large  amounts 
of  fluid  are  being  filtered  so  that  edema  is 
frankly  obvious.  It  has  also  been  suggested 
by  Renkin  (12)  that  the  PS  is  not  valid  when 
blood  flow  is  changing.  This  would  be  partic- 
ularly true  at  the  low  flows  that  exist  with  the 
higher  stimulation  frequencies. 

Deep  fibular  nerve  stimulation.  Stimulation 
of  the  deep  fibular  nerve  increased  blood  flow 
resistance  and  therefore  reduced  blood  flow 
as  the  rate  increased.  Vascular  and  tissue 
volume  changes  were  small  but  consistent 
decreases  in  each  of  these  parameters  oc- 
curred with  increasing  rate  of  stimulation. 
These  would  presumably  be  due  to  arteriolar 
constriction  to  a  small  degree  and  to  passive 
reduction  in  venous  capacity  consequent  to 
the  reductions  in  blood  flow.  The  PS  and 
CFC  values  did  change  reasonably  uni- 
formly. When  the  nerve  was  stimulated  at 
0.1,  1,  and  S  Hz  there  were  significant  in- 
creases in  these  values  indicating  that  flow 
was  redistributed  due  to  constriction  of  the 
arteriovenous  anastomoses  to  the  capillaries. 
However,  at  1 1  Hz  the  PS  and  CFC  values 
both  declined  markedly.  This  would  seem  to 
be  best  explained  as  uneven  distribution  of 
flow  through  capillaries  as  there  would  be 
little  reason  to  expect  less  constriction  of  the 
A-V  anastomoses  at  this  higher  frequency. 
Rather,  one  would  expect  more  constriction 
of  these  vessels. 

Tibial  nerve  stimulation.  Stimulation  of  the 
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tibial  nerve  at  increasing  frequencies  resulted 
in  progressive  increases  in  resistance  and  de- 
creases in  blood  flow.  The  progressive  de- 
clines in  tissue  volume  and  vascular  volume 
were  similar  to  those  caused  by  deep  fibular 
nerve  stimulation  and  could  be  best  explained 
on  the  basis  of  resistance  vessel  constriction 
and  passive  reductions  in  venous  capacity.  PS 
and  CFC  values  increased  progressively  with 
stimulation  rate,  indicating  that  the  A-V 
anastomoses  were  constricted  strongly  by 
these  stimulations  redistributing  blood  flow 
to  the  capillary  circuits.  This  conclusion  is 
supported  by  the  report  of  Davis  and  Ham- 
mond (1)  that  tibial  nerve  stimulation  re- 
sulted in  redistribution  of  blood  flow  away 
from  the  digit  which  is  rich  in  A-V  anasto- 
moses. 

Summary.  The  effects  of  stimulation  of  the 
three  nerves  containing  the  sympathetic  in- 
nervation of  the  vasculature  of  the  dog  hind- 
paw  were  studied  during  controlled  pressure 
perfusion.  Stimulation  at  increasing  fre- 
quency of  the  superficial  fibular  nerve  re- 
sulted in  progressively  greater  edema  forma- 
tion, apparently  due  to  progressively  increas- 
ing venous  resistance  with  little  evidence  of 
blood  flow  redistribution.  Increasing  fre- 
quency of  stimulation  of  the  deep  fibular 
nerve  caused  constriction  of  the  arteriovenous 
anastomoses  resulting  in  blood  flow  redistri- 
bution to  the  capillary  bed.  Tibial  nerve  stim- 


ulation at  all  frequencies  resulted  in  blood 
flow  redistribution  to  the  capillary  circuit  due 
to  constriction  of  arteriovenous  anastomoses. 
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urinol  (4-hydroxypyrazolo(3,4-d),  an 
e  of  hypoxanthine,  is  a  potent  inhib- 
tie  hepatic  enzyme,  xanthine  oxidase, 
atalyzes  the  conversion  of  hypoxan- 
d  xanthine  to  uric  acid.  This  drug  has 
td  effectively  to  reduce  hyperuricemia 
of  gout  or  in  the  management  of  the 
al  purine  metabolism  associated  with 
diseases  (1,  2).  Although  untreated 
icemia  associated  with  gout  or  neo- 
lisease  may  induce  acute  renal  failure 
ic  acid  nephropathy,  high  doses  of 
nol  per  se  will  cause  liver  and  renal 
because  of  the  precipitation  of  oxy- 
the  relatively  insoluble  end-product 
urinol  (3,  4).  Because  of  a  phyloge- 
itational  defect,  the  enzyme  uricase  is 
ent  in  man  and  higher  apes  that  when 
or  nucleic  acids  are  being  metabo- 
ric  acid  accumulates  instead  of  the 
Iter  soluble  allantoin.  Man's  inability 
se  uric  acid  to  its  more  soluble  metab- 
antoin,  results  in  serum  urate  concen- 
that  are  ten  times  higher  than  mam- 
his  excess  urate  can  lead  to  precipi- 
if  urate  crystals  causing  debilitating 
lation  of  the  kidneys  and  joints,  i.e., 
nder  these  conditions,  allopurinol  is 
fTective  therapeutic  agent, 
everal  years  we  have  been  investigat- 
iirally  occurring  hyperglycemia,  hy- 
emia,  obesity,  hypertension,  arterio- 
i  and  myocardial  infarction  which  oc- 
repeatedly  bred  male  and  female  rats 
liese  breeder  rats  are  hyperuricemic 
male  breeders  are  prone  to  develop 
lomerular  and  tubular  degenerative 
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changes  as  well  as  kidney  stones  (7,  8).  Male 
breeder  rats  are  prone  to  develop  myocardial 
infarction  and  are  less  capable  than  female 
breeders  of  affecting  myocardial  repair  (9, 
10).  De  Wall  et  al  (11)  have  suggested  that 
during  myocardial  anoxia,  vital  cardiac  pu- 
rine intermediates  are  lost.  Because  allopuri- 
nol inhibits  the  enzyme  xanthine  oxidase, 
they  suggest  that  such  an  agent  may  prevent 
the  irreversible  conversion  of  xanthine  to  uric 
acid  and  thus  preserve  high  energy  nucleo- 
tides for  myocardial  contractual  energy  dur- 
ing acute  myocardial  ischemia.  In  this  con- 
text, we  were  planning  to  treat  rats  with 
allopurinol  during  acute  myocardial  infarc- 
tion to  determine  whether  such  treatment 
would  have  ameliorative  efTects  on  the  usual 
pathophysiologic  sequelae.  Selye  (4)  and  oth- 
ers (12)  have  shown  that  allopurinol,  in  large 
doses,  can  induce  marked  nephropathy.  As  a 
preliminary  expedient,  we  subjected  virgin 
males  having  no  cardiovascular  disease  and 
breeder  males  known  to  have  arterial  disease 
to  a  regimen  of  graded  doses  of  allopurinol 
to  determine  which  dose  level  would  be  free 
of  nephrotoxic  effects  in  both  nonarterios- 
clerotic  virgin  and  arteriosclerotic  breeder 
rats,  the  latter  being  prone  to  renal  damage 
(7). 

Materials  and  methods.  Adult,  male,  virgin 
rats  were  used  as  subjects  having  no  pre- 
existing diabetes,  hypertension,  or  arterioscle- 
rosis. Repeatedly  bred  male  rats  were  used  as 
subjects  with  pre-existing  diabetes,  hyperten- 
sion and  arteriosclerosis.  All  of  these  animals 
were  Sprague-Dawley  rats  and  were  between 
6  and  8  months  of  age.  The  male  breeder  rats 
had  sired  four  to  five  litters  and  had  micro- 
scopic lesions  only  in  their  aortas  but  grossly 
visible  plaques  in  their  common  iliac  arteries 
(S).  (The  incidence  of  spontaneous  arterial 
disease  is  so  high  in  breeder  rats  that  one  can 
reliably  expect  to  find  arterial  disease  in  these 
animals  if  they  have  been  truly  actively  bred 
and  rebred  (S).  In  experiments  of  this  kind. 
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the  presence  of  arterial  disease  is  routinely 
confirmed  by  both  gross  and  histopathologic 
examination).  Virgin  rats  consistently  weigh 
less  (averaging  100  g  less  in  body  weight) 
than  their  breeder  rat  counterparts. 

At  the  start  of  the  experiment,  two  groups 
of  virgin  and  breeder  rats  were  segregated  in 
the  same  animal  quarters,  i.e.,  virgin  males 
(/t  =  24)  and  male  breeders  with  microscopic 
aortic  sclerosis  (/t  =  24).  These  animals  re- 
ceived no  treatment,  were  fed  a  regular  com- 
mercial rat  diet  (Purina)  and  serv^  as  base- 
line controls  for  the  experimental  animals. 
The  experimental  animals,  virgins  and  breed- 
ers, were  divided  into  three  groups  of  24  each 
and  given  a  high  (40  mg),  moderate  (10  mg), 
or  low  (S  mg)  dose  of  allopurinol.  The  allo- 
purinol  (Zyloprim)  was  suspended  in  0.4  ml 
of  water  and  injected  sc.  daily  for  10  days. 
The  doses  were  adjusted  and  given  according 
to  body  weight  on  a  per  100  g  basis.  The 
experimental  animals  were  fed  the  same  diet 
as  the  controls  and  air,  light,  and  humidity 
were  carefully  monitored. 

At  autopsy,  blood  was  collected  from  the 
abdominal  aorta  with  heparinized  syringes, 
centrifuged  (refrigerated),  and  assayed  for 
creatine  phosphokinase  (CPK),  glutamic 
oxaloacetic  transaminase  (SCOT),  glutamic 
pyruvic  transaminase  (SGPT),  lactic  dehy- 
drogenase (LDH),  glucose,  triglycerides,  free 
fatty  acids,  cholesterol,  and  blood  urea  nitro- 
gen (BUN),  using  the  automated  techniques 
developed  for  the  Auto- Analyzer  (Technicon 
Instruments  Corporation,  New  York,  NY). 
Serum  urate  levels  were  measured  by  a  col- 
orimetric  method  (13)  and  corticosterone 
(Cmpd.  B)  was  measured  by  an  automated 
modification  of  the  fluorometric  procedure  of 
Guillemin,  et  ai  (14).  Pertinent  organs  from 
each  animal  were  trimmed  and  weighed.  The 
hearts  and  aortae  of  each  rat  were  carefully 
examined  for  the  presence  or  absence  of  car- 
diovascular disease.  Tissues  were  fixed  in  10% 
buffered  neutral  formalin  (or  glutaraldehyde) 
for  histopathologic  analyses,  e.g.,  hematox- 
ylin and  eosin  for  routine  analyses.  Hale 
stain  for  mucopolysaccharides,  von  Kossa 
stain  for  calcium  and  frozen  sections  stained 
with  Sudan  black  B  for  lipids.  Analysis  of 
variance  and  biostatistical  analyses  followed 
the  procedures  cited  in  Snedecor  and  Coch- 
ran (15). 


Results,  Growth,  food  consumption,  out- 
ward appearance,  and  general  behavior  pat- 
terns gave  no  evidence  of  any  toxic  or  unto- 
ward effects  due  to  the  allopurinol  during  the 
initial  course  of  the  experiment.  After  1  week 
the  experimental  animals  began  to  die  sud- 
denly without  any  premonitory  signs  of  mor- 
bidity. Autopsy  of  these  animals  demon- 
strated that  they  had  succumbed  due  to  my- 
ocardial infarction  and  congestive  failure. 
Therefore,  the  experiment  was  terminated 
after  10  days  of  treatment. 

Weight  changes.  The  final  body  weight  of 
the  virgin  rats  indicated  that  those  treated 
with  the  higher  doses  of  allopurinol  were 
considerably  heavier  than  the  nontreated 
controls  (Table  I).  Conversely,  the  breeder 
rats  given  the  higher  doses  of  allopurinol 
manifested  a  significant  loss  in  body  weight 
(Table  I).  Both  virgin  and  breeder  rats 
showed  a  marked  increase  in  adrenal  weight 
concomitant  with  equally  severe  thymus 
gland  involution  {P  <  0.001)  (Table  I).  The 
hearts  and  kidneys  of  allopurinol-treated  an- 
imals, especially  at  the  higher  dose  levels, 
were  considerably  heavier  {P  <  0.001)  than 
the  controls  (Table  I).  There  were  no  clear 
cut  changes  in  the  weight  of  the  testes  be- 
tween control  and  experimental  animals. 

Serum  biochemistry.  Enzymes.  Serum  crea- 
tine phosphokinase  (CPK)  levels  were  greatly 
elevated  in  all  of  the  allopurinol-treated  ani- 
mals in  keeping  with  their  high  incidence  of 
myocardial  necrosis  (Table  II).  Glutamic 
oxaloacetic  transaminase  (SGOT)  and  lactic 
dehydrogenase  (LDH)  levels  were  abnor- 
mally high  in  those  animals  given  the  40  mg 
and  10  mg  doses  (Table  II).  Glutamic  pyruvic 
transaminase  (SGPT)  levels  manifested  no 
change  at  any  of  the  dose  levels. 

Lipids.  Although  the  circulating  triglycer- 
ide levels  of  the  allopurinol-treated  groups 
demonstrated  no  statistically  significant 
changes,  the  free  fatty  acid  and  cholesterol 
levels  were  reduced  in  all  of  the  experimental 
animals  with  the  exception  of  the  free  fatty 
acid  levels  of  virgin  rats  given  the  40  mg  dose 
of  allopurinol  (Table  II).  The  hyperlipidemia 
which  is  characteristic  of  breeder  vs  virgin 
rats  was  present  in  these  animals. 

Glucose.  The  hyperglycemia,  also  charac- 
teristic of  breeder  vs  virgin  rats,  was  present 
in  these  animals  (Table  II).  Definite  hyper- 
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E  I.  Gravimetric  Differences  Between  Nonarteriosclerotic  (Virgin)  vs  Arteriosclerotic 
►ER),  Male,  Sprague-Dawley  Rats  Treated  with  Graded  Doses  of  Allopurinol  for  10  Days. 


Final 

body  wt 

Adrenal 

Thymus  wl 

Heart  wl 

Kidney  wt 

Testes  wt 

Rx 

(g) 

wl  (mg) 

(mg) 

(mg) 

(mg) 

(mg) 

40  mg 

409  ±6" 

37  ±  1" 

105  ±  13" 

1369  ±37" 

2530  ±  147" 

1847  ±59 

erial  disease 

(22) 

(12) 

(M) 

(II) 

(II) 

(11) 

10  mg 

431  ±6" 

29  ±2" 

140±  11° 

1443  ±  40" 

1912  ±  105" 

1910  ±49 

(23) 

(12) 

(12) 

(12) 

(12) 

(12) 

5mg 

392  ±  4" 

24  ±  1 

330  ±  45" 

1282  ±  43" 

1433  ±  30 

1858  ±33 

(20) 

(10) 

(10) 

(10) 

(10) 

(10) 

Norx 

360  ±5 

19  ±4 

410  ±  12 

1030  ±  22 

1460  ±  15 

1860  ±30 

(24) 

(24) 

(24) 

(24) 

(24) 

(24) 

40  mg 

428  ±  7" 

37  ±  1" 

93  ±  10" 

1443  ±  28" 

2772  ±  108" 

1911  ±51 

copic  arterial 

(23) 

(12) 

(12) 

(12) 

(12) 

(12) 

ise 

10  mg 

451  ±4" 

34  ±2" 

133  ±  8" 

1377  ±  114 

1760  ±56" 

190l±31 

(23) 

(12) 

(12) 

(12) 

(12) 

(12) 

5  mg 

447  ±6" 

22  ±  1 

146  ±20" 

1343  ±46 

1453  ±  56 

1969  ±  42 

(20) 

(10) 

(10) 

(10) 

(10) 

(10) 

Norx 

490  ±4 

23  ±3 

240  ±26 

1350  ±25 

1565  ±  30 

1925  ±  30 

(24) 

(24) 

(24) 

(24) 

(24) 

(24) 

0.001,  compared  to  controls,  i.e.,  no  rx. 
0.05,  compared  to  controls,  i.e.,  no  rx. 


a  was  present  in  all  allopurinol- 
animals,  at  all  dose  levels,  virgins  and 
s  (Table  II). 

/  urea  nitrogen.  The  BUN  level  of 
zA  breeder  rats  is  abnormally  high  as 
d  in  these  animals  (Table  II).  Allo- 
caused  a  great  increase  in  BUN  levels 
[isurate  with  the  dose  given.  This  was 
arly  marked  in  the  case  of  the  virgin 
ible  II). 

acid.  Circulating  urate  levels  were 
elevated  {P  <  0.001)  in  both  virgin 
eder  rats  at  the  40  mg  and  10  mg  dose 
>ut  normal  or  subnormal  at  the  S  mg 
/el  (Fig.  1).  Breeder  rats  become  hy- 
smic  after  active  and  repeated  breed- 

costerone.  Cmpd.  B  levels  are  usually 
lower  in  breeder  vs  virgin  rats.  How- 
reeder  rats  do  not  respond  to  most 
tuations  as  efTectively  as  virgin  rats. 
le  virgin  and  breeder  rats  showed  a 

increase  {P  <  0.001)  in  Cmpd.  B 
n  following  treatment  with  40  mg  and 
f  allopurinol  (Fig.  2).  Only  virgin  rats 
ted  increased  Cmpd.  B  levels  (P  < 
n  response  to  the  S  mg  dose  of  allo- 
(Fig.  2). 

and  microscopic  pathology.  The  kid- 
both  the  virgin  and  breeder  rats  dis- 


played grossly  visible,  sporadic  foci  of  white 
spots  and  streaks  in  those  animals  treated 
with  the  highest  dose  of  allopurinol  (Table 
III).  At  the  10  mg  dose  levels,  the  renal 
abnormalities  were  no  longer  grossly  visible 
but  were  microscopic.  Animals  treated  with 
either  the  40  mg  or  10  mg  dose  of  allopurinol 
displayed  hematoxylin-positive  deposits 
within  and  alongside  of  the  medullary  col- 
lecting tubules,  papillary  ducts  and  renal  pel- 
vis. The  collecting  tubules  were  frequently 
dilated  with  clusters  of  white  blood  cells  and 
there  were  frequent  foci  of  stone  formation 
(Fig.  3).  The  renal  cortices  of  these  animals 
displayed  foci  of  calcific  or  von  Kossa  posi- 
tive material  and  glomerular  hyperplasia. 
Breeder  rats  which  manifest  considerable 
renal  damage  including  kidney  stones,  spon- 
taneously, showed  definite  exacerbation  of 
their  usual  pattern  of  renal  pathology  after 
treatment  with  the  40  and  10  mg  dose  of 
allopurinol  (Table  III).  At  the  S  mg  dose 
level,  none  of  these  changes  were  apparent  in 
the  virgin,  control  rats.  Similarly,  the  hydro- 
nephrosis, white  blood  cell  infiltration,  and 
deposition  of  basophilic  material  attributed 
to  allopurinol  did  not  appear  in  breeder  rats 
treated  at  the  S  mg  dose  level.  Only  the  usual 
glomerular  damage,  tubular  colloid  and  kid- 
ney stone  formation  which  develops  sponta- 
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neously  in  breeder  rats  was  present  (TaU 
III). 

Male  breeder  rats  are  prone  to  devekj 
myocardial  infarction  spontaneously  (TaU 
III).  Administration  of  10  mg  and  40  mg  ol 
allopurinol  caused  a  definite  exacerbation  o! 
both  the  incidence  and  severity  of  myocardia 
infarction  in  breeder  rats  (Table  III).  Of  par 
ticular  interest  was  the  appearance  of  my 
ocardial  infarction  in  non-arterioscleroti( 
virgin  rats  treated  with  40  mg  and  10  mg  o 
allopurinol  (Table  III).  The  myocardial  dam 
age  in  virgin  rats  was  not  as  severe  as  ii 
breeder  rats;  there  were  scattered  foci  of  ne 
erotic  muscle  with  Uttle  white  blood  cell  in 
filtration  within  the  left  and  right  ventricle 
(Fig.  4).  There  were  no  changes  which  coul< 
be  ascribed  to  allopurinol  treatment  pertinen 
to  the  incidence,  severity,  or  morphologii 
composition  of  the  arterial  lesions  which  ap 
pear  spontaneously  in  breeder  rats. 

The  Uvers  of  breeder  rats  are  consistend; 
infiltrated  with  hpid  (Table  III).  As  in  Ui' 
case  of  the  heart  and  kidney,  the  high  dose 
of  allopurinol  caused  a  definite  worsening  o 
this  naturally-occurring,  fatty  infiltration  o 
the  liver  in  breeder  rats  and  the  de  nov^ 
appearance  of  hepatic  lipid  in  virgin  rat 
(Table  III).  Particularly  striking  was  the  ap 
pearance  of  scattered  foci  of  necrosis  (Fig.  S 
in  the  livers  of  both  virgin  and  breeder  rat 
given  the  high  doses  of  allopurinol  (TabI 
III).  Similarly,  breeder  rats  characteristicall; 
exhibit  degranulation  of  their  insulin-produc 
ing  cells  commensurate  with  their  hypergi) 
cemia  (Tables  II  and  III).  Therefore,  it  wa 
difficult  to  ascertain  whether  treatment  witi 
allopurinol  caused  any  worsening  of  the  bet 
cell  degranulation  in  breeder  rats.  Howevei 
there  was  a  definite  pattern  of  de  novo  bet 
cell  degranulation  (Table  III)  and  hypergi) 
cemia  (Table  II)  in  the  virgin  rats  at  idl  dos 
levels  of  allopurinol. 

The  thymi  of  all  of  the  treated  animal 
were  greatly  involuted.  The  adrenal  cortia 
were  hyperplastic  and  exhibited  extensiv 
lipid  depletion  from  the  inner  cortical  zone 
The  testes  showed  no  evidence  of  abnormal 


Discussion.  These  findings  demonstrat 
that  allopurinol,  the  potent  inhibitor  of  th 
hepatic  enzyme  xanthine  oxidase,  can  pre 
duce  definite  myocardial,  renal,  and  hepati 
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toxic  effects  if  given  at  high  dose  levels  in  the 
rat.  The  nature  of  the  sudden  demise  of  these 
animals  and  our  finding  of  myocardial  in- 
farction and  congestive  heart  failure  and  the 


f     !  No  Rk 

Allapurinol    Rv 


Fig.  1.  Changes  in  serum  uric  acid  levels  in  nonar- 
teriosclerotic  (virgin)  vs  arteriosclerotic  (breeder),  male, 
Sprague-Dawley  rats  given  varying  doses  of  allopurinol 
for  10  days.  The  height  of  each  column  depicts  the  mean 
±  SE;  (  )  »  number  of  samples. 


Fig.  2.  Changes  in  serum  corticosterone  levels  in 
nonarteriosclerotic  (virgin)  vs  arteriosclerotic  (breeder), 
male,  Sprague-Dawley  rats  given  varying  doses  of  allo- 
purinol for  10  days.  The  height  of  each  column  depicts 
the  mean  ±  SE;  {  )-  number  of  samples. 


TABLE  III.  Percent  Incidence  of  Pathologic  Changes  Induced  by  Graded  Doses  of  Allopurinol 
IN  Nonarteriosclerotic  (Virgin)  vs  Arteriosclerotic  (Breeder),  Male,  Sprague-Dawley  Rats 

After  10  Days  of  Treatment. 


Rx 

Heart 

Kidney 

Liver 

Pancreas 

Virgins 

40  mg 

44%           + 
m.i.- 

100%        + 
ne- 

15% patchy  necro- 
sis^             + 

61%        beu 
cell     + 

10  mg 

26%           + 

phrosis^ 

74%         + 

8%  patchy  necro- 

degran'' 
59%        beu 

m.i. 

ne- 

sis              + 

cell     + 

No  arterial  dis- 

5  mg 

0% 

phrosis 
0% 

0% 

degran. 
64%        beu 

ceU     + 

No  rx 

0% 

0% 

0% 

degran. 
0% 

Breeders 

50%        + 

40  mg 

55%        -I--I- 

50%  +++ 

26%  patchy  necro- 

84%       beu 

+ 

ne- 

sis           ++ 

ceU  ++ 

10  mg 

m.i. 
2%     +++ 

phrosis 

75%        + 

18%  patchy  necro- 

degran. 
86%        beu 

60%m.i.    + 

ne- 

sis           ++ 

cell  ++ 

Microscopic 
arterial    dis- 

5 mg 

16%           + 
m.i. 

phrosis 
20%        + 
ne- 

78% fatty  liver  ++ 

degran. 
85%        beu 
cell++ 

ease 

No  rx 

18%           -1- 

phrosis 
18%        + 

81%  fatty  liver ++ 

degran. 
91%        beu 

m.i. 

ne- 
phrosis 

cell++ 
degran. 

"  Myocardial  infarction. 

^  Glomerular  damage,  tubular  dilaution,  hydronephrosis,  wbc  infiltration  and/or  stone  formation.     ''Foci  of 
necrosis  and  infiltration  of  lipid. 

'^  Aldehyde  fuchsin  positivity  of  granules. 
+++  =  severe,  ++  -  moderate,  +  =  slight 
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Fig.  3.  Kidney  of  a  virgin  male,  Sprague-Dawley  rat  treated  with  40  mg  of  allopurinol  dally  for  10  days. ' 
collecting  tubules  are  greatly  dilated  or  hydronephrotic  and  contain  abundant  wbc*s.  The  large,  ovoid  body  embed 
in  the  transitional  epithelium  lining  the  renal  pelvis  is  a  urate  stone.  H  and  E,  x  100. 


greatly  elevated  serum  CPK  and  LDH  levels, 
attests  to  myocardial  toxicity  as  the  immedi- 
ate contributing  cause  of  death.  Although 
high-energy  nucleotides  are  essential  for  my- 
ocardial contractural  energy  (11),  an  excess 
of  purines,  as  in  this  experiment,  would  in- 


terfere with  myocardial  function.  The  hea* 
body  weights  of  allopurinol-treated  vii 
rats  we  believe  is  a  reflection  of  their  hyc 
thorax  condition  or  congestive  heart  fail 
whereas  the  reduced  body  weights  of  brec 
rats  reflects  their  greater  susceptibility  tow 


HEART  AND  KIDNEY  DAMAGE  BY  ALLOPURINOL 


547 


3.  4.  Myocardium  of  the  same  animal  described  in  Fig.  3  showing  the  extensive  myocardial  necrosis  (light  grey 
in  photo)  which  accompanies  the  triad  of  myopathy,  nephropathy  (Fig.  3),  and  hepatic  damage  (Fig.  5)  which 
ipanies  an  overdose  of  allopurinol.  H  &  E,  xl25. 


[)xicity  of  the  high  doses  of  allopurinol, 
:atabolism.  Further,  we  believe  that  the 
ly  hepatic  necrosis  caused  an  exacerba- 
>f  the  congestive  heart  failure  and  neph- 
icity  because  of  the  reduced  ability  of 
ver  to  conjugate  steroids  and  other  me- 
ites,  especially  the  extra  amounts  of  al- 


lopurinol. The  hyperplasia  of  the  adrenal 
glands,  their  increased  weight  and  lipid  de- 
pletion as  well  as  increased  Cmpd.  B  secre- 
tion, coupled  with  marked  thymus  gland  in- 
volution, all  attest  to  the  severe  stressful  na- 
ture of  this  regimen  of  treatment. 
The  elevation  of  serum  SCOT  levels  is  in 
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Fig.  5.  Liver  of  the  same  animal  shown  in  Figs.  3  and  4,  showing  the  large  and  extensive  foci  of  hepatic  necn 
which  attends  the  use  of  high  doses  of  allopurinol.  (The  fatty  infiltration  of  the  liver  which  is  also  characteristic 
allopurinol  overdose  is  not  visible  in  this  particular  section).  H  and  E,  xl25. 


keeping  with  the  severe  liver  damage  but  the 
lack  of  change  in  SGPT  levels  and  reduction 
in  circulating  Upid  levels,  despite  the  fatty 
Uver  condition,  is  difficult  to  reconcile.  The 
marked  hyperglycemia  in  both  virgin  and 
breeder  rats  treated  with  allopurinol  at  all 
dose  levels,  coupled  with  the  consistent  beta 


cell  degranulation,  suggests  some  insu! 
blocking  effect  of  this  drug  either  at  the  | 
ripheral  or  beta  cell  level,  or  the  presence 
excess  uric  acid  metabolites  had  an  alloxs 
like  effect,  i.e.,  uric  acid  yields  alloxan  wh 
oxidized  (16). 
The  exceptionally  high  BUN  levels  in  v 
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gin  and  breeder  rats  given  the  high  dose  of 
allopurinol  are  indicative  of  the  severe  ne- 
phrotoxic and  hepatotoxic  effects  of  this  drug 
in  high  doses  (3,  12,  17).  It  is  paradoxical  to 
find  hyperuricemia  in  animals  given  larger 
doses  of  allopurinol.  These  hi^  levels  of 
allopurinol  could  react  colorimetrically  and 
give  falsely  high  uric  acid  levels.  However, 
we  could  not  demonstrate  such  interference. 
The  high  urate  levels  in  these  animals  may 
have  been  due  to  impaired  renal  excretion 
primarily  and  to  decreased  hepatic  metabo- 
lism secondarily.  Allopurinol  is  cleared  rap- 
idly but  oxypurinol,  its  immediate  metabolite, 
is  reabsorbed  by  the  kidney  tubule  and  is 
excreted  slowly  (3).  It  is  possible  that  the 
grossly  visible  white  streaks  and  appearance 
of  kidney  stones  in  animals  given  the  large 
doses  of  allopurinol  are  either  depots  of  ex- 
cess allopurinol  and  its  metabolites,  e.g.,  ox- 
ypurinol, or  admixtures  of  calcium  and  urate. 

It  is  of  interest  that  although  the  arterio- 
sclerotic breeder  rats  showed  definite  exac- 
erbation of  most  of  their  naturally-occurring 
pathophysiologic  stigmata,  e.g.,  myocardial 
infarction,  there  was  no  apparent  change  in 
the  nature  of  their  arterial  disease  despite  the 
expression  of  severe  toxicity  in  key  organs. 

Summary.  Non-arteriosclerotic  (virgin)  and 
arteriosclerotic  (breeder),  male  Sprague- 
Dawley  rats  were  treated  with  high  (40  mg), 
moderate  (10  mg)  and  low  (S  mg)  doses  of 
the  potent  xanthine  oxidase  inhibiting  agent, 
allopurinol.  After  10  days  of  treatment,  the 
animals  began  to  die  suddenly  due  to  my- 
ocardial infarction,  hepatic  necrosis  and  ne- 
phrotoxic damage.  Serum  enzyme  levels,  e.g., 
CPK,  SGOT  and  LDH,  were  abnormally 
elevated  in  both  the  myocardial  infarct  prone 
breeder  rats  and  the  otherwise  healthy,  virgin 
rats  commensurate  with  a  high  incidence  of 
heart  damage  in  both  the  virgin  and  breeder 
rats.  Although  the  high  dose  of  allopurinol 
caused  fatty  infiltration  of  the  liver,  the  ex- 
perimental animals  were  hypolipidemic.  The 
severity  of  islet  beta  cell  degranulation  par- 
alleled the  degree  of  hyperglycemia  in  all 
animals  given  allopurinol.  Elevated  BUN  lev- 


els, high  circulating  urate  levels,  hydrone- 
phrosis, and  urate  stones  were  commensurate 
with  the  dose  of  allopurinol  administered. 
Increased  adrenal  weight,  hyperplasia,  lipid 
depletion,  and  abnormally  high  circulating 
Cmpd.  B  levels,  along  with  marked  thymus 
gland  involution,  attested  to  the  severe  nox- 
ious effect  of  overdose  with  allopurinol.  It  is 
suggested  that  the  unusual  appearance  of  my- 
ocardial damage  in  the  nonarteriosclerotic 
virgin  and  myocardial  infarct-prone  arterio- 
sclerotic breeder  rats  is  primarily  related  to 
the  cardiotoxic  and  nephrotoxic  effects  of 
large  doses  of  allopurinol  and  secondarily  to 
its  hepatotoxic  effects. 

The  authors  are  indebted  to  D.  Conatser,  E.  Domingo, 
W.  Goodhew,  G.  Heap,  and  J.  Wexler  for  their  excellent 
technical  assistance  in  this  endeavor. 
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It  has  been  known  for  a  number  of  years 
that  various  proteases  can  induce  meiosis  in 
the  eggs  of  marine  forms  (1,  2).  A  recent 
report  by  Peaucellier  (3)  indicates  that  two 
serine  proteases  in  the  digestive  tract  of  the 
polychaete  annelid,  Sabellaria  alveolata  ini- 
tiate meiotic  maturation  in  shed  oocytes.  The 
suggestion  of  Richert  and  Ryan  (4,  S)  that 
serine  proteases  are  involved  in  the  activation 
of  rat  ovarian  adenylate  cyclase  by  LH 
prompted  the  present  investigation  into  a  po- 
tential role  of  serine  proteases  in  the  re-in- 
duction of  meiotic  maturation  in  female 
mammalian  systems. 

Materials  and  methods.  The  method  of  Ja- 
giello  (6)  for  in  vitro  maturation  of  Bovidae 
oocytes  was  used  as  the  biological  assay  sys- 
tem. Bovidae  oocytes  were  removed  from 
medium  sized  follicles  and  immediately 
placed  into  McCoy's  media  with  additives  as 
noted  in  Tables  I-III.  They  were  matured  in 
vitro  in  a  constant  5%  C02/air  high  humidity 
atmosphere  at  pH  7.2  for  24-26  hr.  At  the 
end  of  the  incubation  the  oocytes  were  pre- 
pared for  analysis  by  a  modification  of  the 
method  of  Tarkowski  (7)  and  stained  with 
1%  toluidine  blue  in  resin.  The  attainment  of 
normal  first  or  second  meiotic  metaphase  as 
scored  by  cytogenetic  examination  with  a 
Zeiss  lOOx  bright  light  objective  was  consid- 
ered the  end  point  indicating  successful  ger- 
minal vesicle  breakdown  and  meiotic  pro- 
gression. Cow  oocytes,  which  have  a  high 
percentage  of  maturation  in  vitro  in  24-26  hr 
were  used  for  studying  inhibition  and  con- 
versely, ewe  oocytes,  which  have  a  moderate 
percentage,  were  used  for  studying  meiotic 
initiation. 

The  specific  site-directed  synthetic  inhibi- 
tors for  trypsin,  ^-/?-tosyl-L-lysine  chloro- 
methyl  ketone  (TLCK);  chymotrypsin,  N-p- 
tosyl-L-phenylalanine  chloromethyl  ketone 
(TPCK)  (Sigma  Chemical  Company,  St. 
Louis,  MO)  and  elastase,  acetylalanyl  alanyl 


prolyl  alanine  chloromethyl  ketone  (prepared 
by  Dr.  James  Powers,  Georgia  Institute  of 
Technology,  Altanta,  GA),  the  trypsin  sub- 
strate analog,  ^-tosyl  arginine  methyl  estei 
HCl  (TAME)  (Sigma,  St.  Louis,  MO),  the 
inhibitor  of  esterases  involved  in  the  phos- 
phorylation of  serine  residues  in  their  active 
centers,  phenyl-methyl  sulfonyl  fluoride 
(PMSF)  (Schwarz  Mann,  Orangeburjg,  NY) 
and  the  specific  chymotrypsin  inhibitor,  di 
phenyl  carbamyl  chloride  (DPCC)  (Eastman 
Kodak  Co.,  Rochester,  NY)  were  studied 
Solutions  of  these  agents  were  freshly  pre- 
pared in  95%  ethanol  or  DMSO  and  diluted 
wtih  media  so  that  the  final  assay  concentra- 
tions of  alcohol  did  not  exceed  0.025% 
ethanol  or  1%  DMSO.  Inhibitors  in  concen- 
trations indicated  on  Table  I  were  added  jus! 
prior  to  the  incubation.  The  natural  serine 
protease  inhibitors  serum  ai-antitrypsin  (Na- 
tional Fractionation  Center-American  Red 
Cross,  Washington,  D.C.),  soybean  trypsin 
inhibitor  (Worthington  Biochemical  Corp.. 
Freehold,  NJ),  and  leupeptin  (obtained  with 
the  courtesy  of  Dr.  Lowell  Greenbaum,  Co- 
lumbia University  College  of  Physicians  and 
Surgeons)  were  freshly  dissolved  in  medu 
and  tested  with  oocytes  at  final  concentra- 
tions noted  in  Table  II.  The  effects  of  the 
three  pancreatic  serine  proteases,  trypsii 
(TRYPTAR)  (Armour  Pharmaceutical  Co. 
Chicago,  IL),  chymotrypsin  (Worthingtoi 
Biochemical  Corp.)  and  elastase  (Elastii 
Products,  St.  Louis,  MO),  and  of  a  crud( 
human  sperm  acrosin  (prepared  by  Dr.  Wyli( 
Hembree,  Columbia  University  College  ol 
Physicians  and  Surgeons)  were  dissolved  ii 
media  and  studied  in  the  concentration 
noted  in  Table  III. 

Results.  As  seen  in  Table  I,  all  of  the  pro 
tease  inhibitors  tested,  except  the  elastase  in 
hibitor,  affected  cow  oocyte  maturation  o 
vitro  (P<  O.OOS)  in  a  dose  dependent  manner 
By  cytologic  examination  the  inhibited  nude 
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ABLE  I.  Effects  of  Synthetic  Protease 

NHIBITORS  ON  CoW  OoCYTE  MATURATION." 

Oocytes 
Final  concen-  number 

ditive         tration  (mA/)    Total    matured   % 


VPACK 


0 

0.001 

0.01 

0.1 

1.0 

5.0 


64 
49 
38 
69 
101 
123 


0 

0.001 

0.01 

0.1 

1 

5 


99 
54 
80 
74 
80 
135 


0 

0.001 

0.0 1 

0.1 

1.0 

5.0 


79 
40 
81 
71 
40 
87 


0.00002 
20 


92 
50 


0 

0.01 

O.l 

1.0 

5.0 


74 
41 
47 
99 
78 


56 
36 
21 
29 
43 
21 


79 
33 
61 
44 
20 
17 


64 
25 
51 
37 
18 
13 


65 
44 


61 
31 
37 
45 
31 


88 

73 

55* 

42* 

43* 

17* 


80 

61 

76 

59* 

25* 

13* 


81 

63 

63 

52* 

21* 

15* 


70 
88 


82 

76 

79 

45* 

40* 


:                0.0 1 

60 

40 

67 

.1 

52 

28 

54* 

1.0 

34 

6 

18* 

20.0 

39 

0 

0* 

Vll  cultures  were  carried  out  in  McCoy's  5  A  medium 
id  Island  Biological  Co.) 
P  <  0.005  inhibition. 


relative  to  the  controls  were  0. 1  mM  TLCK 
and  PMSF,  0.3  mM  for  TPCK,  3.0  mM  for 
TAME  and  0.1  mM  for  the  chymotrypsin 
inactivator  DPCC.  These  approximate  poten- 
cies were  obtained  from  a  logit-log  plot  of  the 
data  in  Table  I.  Solvents  alone  were  without 
effect.  The  natural  trypsin  inhibitor  ai-anti- 
trypsin  was  dramatically  inhibitory  (Table  II) 
at  a  concentration  of  10  mg/ml.  Attempts  to 
activate  additional  meiotic  activity  above 
control  in  ewe  oocytes  with  the  pancreatic 
serine  proteases  trypsin,  chymotrypsin  and 
elastase  (Table  III)  were  unsuccessftil.  How- 
ever, crude  human  sperm  acrosin  was  quite 
inhibitory  at  concentrations  of  1-100  /ig/ml 
(P<  0.005). 

Discussion,  The  inhibition  of  cow  oocyte 
meiotic  maturation  by  specific  inhibitors  of 
serine  proteases  documented  in  the  present 
study  suggests  that  a  protease  or  proteases 
with  a  similar  molecular  conformation  play 
a  role  in  the  resumption  of  mammalian 
meiosis.  Since  the  nuclei  attain  the  early 
stages  of  germinal  vesicle  breakdown  and 
chromatin  condensation,  it  would  appear  that 
the  initial  process  of  meiotic  resumption  oc- 
curs, but  fails  to  progress  when  protease  ac- 
tivity is  inhibited. 

Attempts  to  induce  a  stimulatory  effect  on 
in  vitro  ewe  meiosis  with  pancreatic  serine 
proteases  failed,  even  in  concentrations  far  in 
excess  of  those  shown  to  activate  the  luteal 
cell  adenyl  cyclase  system  (4,  S).  Peaucellier 
(3)  also  was  unable  to  mimic  the  meiosis 


BLE  II.  Effects  of  Natural  Inhibitors  on 
Cow  Oocyte  Maturation. 


Iditive 


Inhibitor  fi- 
nal concen- 
tration per 
ml 


Oocytes 


Total 


Number 
matured 


ititrypsm 

lean  tryp- 
inhibitor 
sptin 


0 

5  mg 
10  mg 

5  mg 
10  mg 
10  ng 
10  mg 


118 
74 
94 
80 
54 
50 
91 


97 
46 
0 
56 
34 
34 
70 


% 


82 
62 
0 
70 
63 
68 
76 


le  presence  of  each  agent  had  emerged 
I  the  germinal  vesicle  stage  and  had 
lied  the  stage  of  late  condensed  chroma- 
rhe  approximate  concentrations  required 
ihibit  maturation  of  50%  of  the  oocytes 


TABLE  III.  Effects  of  Serine  Proteases  on  Ewe 
Oocyte  Maturation. 


Additive 


None 
Trypsin 


a-Chymotrypsin 

Elastase 
Acrosin 


Oocytes 


Final 

concen-     

tration  Number 

(/ig/ml)      Total    matured 


0 
3 
10 
25 
250 
3 

10 

25 

250 

25 

250 

10 
100 


114 

78 
78 
32 
91 
41 
52 
39 
43 
37 
84 
62 
70 
52 


86 
62 
58 
24 
65 
31 
38 
28 
27 
24 
57 
34 
34 
14 


% 


75 

79 

74 

75 

71 

76 

73 

72 

63 

65 

67 

55» 

49* 

21* 


•  =  />  <  0.005. 
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PROTEASE  INHIBITOR  EFFECTS  ON  MEIOSIS 


inducing  efTects  of  the  Sabellaria  digestive 
enzymes  by  equimolar  concentrations  of 
commercially  available  preparations.  A  dif- 
ferent substrate  specificity  between  the  pan- 
creatic and  ovarian  proteases  may  account 
for  these  findings  or  may  be  related  to  an 
inability  of  exogenous  proteases  to  gain  ac- 
cess to  the  proper  oocyte  substrate.  The  in- 
hibitory effect  of  the  crude  human  sperm 
acrosin  may  be  due  to  acrosin  itself  or  to 
other  contaminating  sperm  enzymes. 

Assays  for  trypsin-like  activity  by  the  tech- 
nique of  Erlanger  et  al.  (8)  in  pools  of 
200-1000  cow  oocytes  did  not  reveal  any 
enzymatic  activity.  The  fact  that  meiotic  mat- 
uration is  blocked  by  both  trypsin  (TLCK, 
TAME  and  ai -antitrypsin)  inhibitors  as  well 
as  chymotrypsin  (TPCK,  DPCC)  inhibitors 
suggests  either  that  there  is  a  cascade  of  pro- 
teases or  there  is  a  single  protease  with  unique 
properties.  A  protease  from  rat  liver  has  been 
described  that  is  inhibited  by  both  trypsin 
and  chymotrypsin  inhibitors  (9).  This  Uver 
protease  also  has  a  highly  restricted  substrate 
specificity.  The  failure  to  demonstrate  pro- 
tease activity  in  cow  oocytes  may  therefore 
be  due  to  an  inappropriate  substrate. 

Bovine  and  ovine  fluids  from  medium- 
sized  ovarian  follicles  were  found  to  have 
trypsin  inhibitory  activity  of  1.70  mg  and  1.62 
mg  trypsin  inhibited  per  ml  fluid,  a  finding 
consonant  with  the  report  of  meiotic  inhibi- 


tion by  Bovidae  follicular  fluid  (10)  and  th 
data  in  the  present  report.  The  mechanism  o 
action  of  the  specific  serine  proteases  in  th 
re-induction  of  mammalian  oocyte  meiosis  i 
being  explored  in  further  experiments. 

Summary.  Specific  inhibitors  of  serine  pro 
teases  have  been  shown  for  the  first  time  t( 
inhibit  meiotic  progression  in  mammalian  oc 
cytes,  suggesting  involvement  of  these  en 
zymes  in  the  process  of  maturation. 
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atibiotic  actinomycin  D  is  a  potent 
lie  agent  in  laboratory  animals  (1), 
cks  DN A-directed  synthesis  of  mes- 
m)RNA  upon  administration  (2). 
iven  by  intraperitoneal  injection  to 
:  rats  before  mid-gestation,  actino- 
»  caused  intra-uterine  growth  retar- 
id  abnormal  development  of  several 
stems  (3-S);  no  malformations  were 
1,  however,  when  treatment  was  be- 
r  day  10  of  pregnancy.  The  work  of 
/  al  (6)  suggested  that  subcutaneous 
.  of  the  drug  might  extend  its  range 
in,  and  preliminary  experiments 
indeed  that  actinomycin  administra- 
the  subcutaneous  route  on  day  12 
evere  edema,  club  foot,  crook  tail, 
(nphalos  in  the  offspring.  In  subse- 
Lperiments,  reported  below,  actino- 
^  was  injected  alone  and  in  combi- 
dth  thyroxine,  in  the  hope  that  the 
atment  might  ameliorate  the  terato- 
don  of  the  drug:  thyroxine  has  been 
)  stimulate  nucleic  acid  synthesis  (7) 
►revent  the  growth-inhibitory  efTects 
>mycin  D  by  combining  with  it  (8). 
the  fetal  rats,  obtained  by  Cesarian 
n  day  21  of  pregnancy,  were  kept  for 
s  to  study  the  long-range  effects  of 
ment. 

ials  and  methods.  Thirty-six  pregnant 
re  separated  randondy  into  four 
Group  I,  12  rats,  received  subcuta- 
200  /igAg  of  actinomycin  D^  on  day 

'ork  was  supported  in  part  by  a  grant  from  the 
;  on  Research,  University  of  California,  Berke- 
sliminary  report  of  findings  was  presented 
American  Association  of  Anatomists,  April  9, 

cnt  of  USPHS  FeUowship  5-F1-GM-16,  474- 
it  address:  Department  of  Otolaryngology, 
n  University  School  of  Medicine,  517  S.  Eu- 
•uis,  MO63110. 
omycin,  obtained  from  Merck,  Sharpe  and 


12  of  pregnancy;  the  day  of  finding  sperm  in 
the  vagina  was  considered  day  0.  Group  II, 
eight  rats,  received  subcutaneously  200 /igAg 
of  thyroxine^  on  day  12  followed  immediately 
by  the  same  dose  of  actinomycin  D.  Group 
III,  eight  rats,  was  injected  subcutaneously 
with  200  /ig/kg  of  thyroxine  on  day  1 1  of 
pregnancy;  the  rats  received  the  same  amount 
of  actinomycin  D  on  day  12.  Group  IV  con- 
sisted of  eight  uninjected  rats.  Other  unin- 
jected  pregnant  rats,  scheduled  to  deliver  at 
the  same  time  as  the  rest,  were  kept  in  readi- 
ness to  serve  as  foster  mothers  for  some  off- 
spring of  the  experimental  group. 

The  rats  were  housed  under  natural  con- 
ditions of  light  and  darkness  in  a  tempera- 
ture-controlled room  and  provided  with  stock 
diet^  and  distilled  drinking  water  ad  libitum. 
The  young  were  removed  under  ether  anes- 
thesia on  day  21  of  pregnancy,  weighed  and 
examined  for  gross  abnormalities.  Some  lit- 
ters were  killed,  fixed  and  subsequently  ex- 
amined for  abnormaUties  by  razor  blade  sec- 
tioning. Selected  members  of  other  litters 
were  placed  with  foster  mothers  and  were 
raised  to  age  6  months. 


Dohme,  Rahway,  NJ.  The  drug  was  dissolved  in  10  ml 
of  propylene  glycol  (1,2-propane  diol)  and  brought  with 
distill^  water  to  fmal  volume  of  625  ml  and  concentra- 
tion of  40  /ig/ml.  The  fmal  concentration  of  propylene 
glycol  was  3  mg/ml,  and  the  amount  administered  in 
this  study  was  approximately  one-tenth  the  dose  having 
possible  teratogenic  effects  in  mice  (9).  No  evidence 
exists  to  implicate  propylene  glycol  as  a  teratogen  in  rats. 

^  L-Thyroxine,  obtained  as  sodium  salt,  pentahydrate, 
from  Aldrich  Chemical  Co.,  Inc.,  Milwaukee,  WI,  and 
administered  as  an  alkaline  solution.  The  hormone  and 
actinomycin  D  were  injected  at  adjacent  sites  between 
the  shoulder  blades. 

*  The  diet  consisted  of  67.5%  ground  whole  wheat, 
15%  casein,  7.5%  skim  milk  powder,  0.75%  NaCl  (suffi- 
cient KI  added  to  furnish  1  /ig  iodine  per  g  of  diet),  1.5% 
CaCOs,  6.75%  hydrogenated  vegetable  oil,  and  1%  fish 
oil.  Fresh  lettuce  was  supplied  twice  weekly. 
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THYROXINE  AS  AN  ANTI-TERATOGEN 


TABLE  1.  Effects  of  Actinomycin  D  Alone  and  in  Combination  with  l-Thyroxine  on  Reproductive 
Performance  of  Long-Evans  Rats  and  on  Surviving  Young. 


Treatment  schedule 

Average  wt 

(day  of 

Abooniul 

(dosc/ke  of 

preg- 

Average no. 

Surviving 
young (%) 

of  survivors 

Group" 

body  weight) 

nancy) 

of 

implants 

(g) 

(*) 

1(12) 

200  /ig  actinomycin 

12 

13 

63 

5.5 

14* 

11  (8) 

200  /ig  actinomycin  + 

12 

200  /ig  thyroxine 

12 

12 

86 

5.8 

? 

111  (8) 

200  /ig  actinomycin  + 

12 

200  /ig  thyroxine 

11 

11 

85 

5.9 

0 

IV  (8) 

— 

— 

12 

92 

5.7 

0 

"  Number  of  animals  in  parenthesis.  They  were  killed  on  day  21  or  pregnancy  (day  of  fmding  sperm  »  day  0)  and 
delivered  of  their  young  by  Cesarean  section. 

^  Eleven  survivors  had  club  feet,  one  had  exomphalos,  and  two  were  severely  stunted  and  weighed  less  than  4  g 
at  delivery. 

'  Mild  edema. 


Results.  All  rats  gained  weight  in  the  course 
of  the  experiment,  but  only  those  in  Group 
III  matched  the  growth  rates  of  Group  IV 
animals.  All  pregnant  rats  had  live  young. 
None  of  the  treatments  affected  the  average 
number  of  implantation  sites  or  the  average 
weight  of  surviving  young  at  term  (Table  I), 
but  only  63%  of  the  implants  in  Group  I 
survived  to  day  21  of  pregnancy.  Survival  in 
Groups  II  and  III  was  about  equal  and  much 
improved  over  that  in  Group  I.  Fourteen 
percent  of  survivors  were  abnormal  in  Group 

I,  whereas  only  2%  were  abnormal  in  Group 

II,  and  there  were  no  malformed  young  in 
Group  III.  Of  14  abnormal  young  in  the  first 
group,  1 1  had  club  foot,  one  had  exomphalos 
and  two  were  severely  stunted.  The  only  ab- 
normality noted  in  some  Group  II  animals 
was  slight  edema  which  disappeared  within 
a  day. 

AU  of  the  male  and  female  offspring  in 
Groups  II,  III,  and  IV  selected  for  observa- 
tion survived  to  age  6  months,  when  they 
were  killed.  On  the  other  hand,  only  70%  of 
males  and  50%  of  females  in  Group  I  survived 
that  long.  Deaths  in  this  group  occurred 
within  the  first  90  days  of  life;  no  cause  of 
death  was  found  at  autopsy.  Pregnancy  was 
uneventful  in  the  four  Group  I  females  that 
were  mated  with  littermates,  and  newborn 
appeared  normal  in  all  respects. 

Discussion,  The  data  presented  in  this  study 
demonstrate  that  choice  of  a  different  route 
of  administration  can  extend  the  teratogenic 
time  range  of  actinomycin  D  to  day  12  or 
beyond.  Abnormalities  most  often  encoun- 


tered were  club  foot,  exomphalos,  generalized 
edema,  and  overall  stunting  of  growth.^  There 
was  also  a  significant  elevation  in  fetal  mor- 
tality, but  survivors  were  of  normal  size  and 
proportions,  except  as  noted.  The  teratogenic 
effects  were  completely  suppressed  by  prior 
treatment  of  the  mothers  widi  thyroxine,  and 
embryolethal  effects  were  reduced  signifi' 
cantly.  Concurrent  injection  of  thyroxine  and 
actinomycin  D  caused  a  similar  reduction  of 
lethal  effects  and  prevented  permanent  de- 
fects. Actinomycin  D  seems  to  bind  more 
readily  to  differentiating  cells  than  to  cells 
which  have  already  differentiated  (1 1),  and  it 
may  be  conjectured  that  thyroxine  adminis- 
tered on  day  1 1  of  development  prevented 
the  teratologic  action  of  the  drug  by  acceler- 
ating development  of  the  embryo  past  the 
state  of  susceptibility.  Alternatively,  the  hor- 
mone by  augmenting  available  nuclear  bind- 
ing sites  may  have  neutralized  the  cytotoxic 
and  cytostatic  action  of  the  drug;  both  in  the 
chick  (12)  and  hamster  (13),  DNA  adminis- 
tered together  with  actinomycin  D  reduced 
the  embryolethal  and  teratogenic  effects  of 
the  antibiotic.  However,  neither  hypothesis 
can  explain  adequately  our  finding  that  thy- 
roxine given  concurrently  with  actinomycin 
was  almost  as  effective  in  protecting  mother 
and  fetus  as  was  its  injection  the  day  before. 
Kim  et  al  (8)  reported  that  thyroxine  formed 
a  complex  with  actinomycin  D  similar  to  that 

^  Spontaneously  occurring  congenital  malformatioas 
in  Long- Evans  rats  of  our  colony  are  exceedingly  rare 
( 10),  and  none  was  seen  in  control  rat  litters  of  this  study. 


THYROXINE  AS  AN  ANTI-TERATOGEN 


555 


formed  by  the  antibiotic  with  deoxyguano- 
sine.  Whereas  actinomycin  alone  completely 
inhibited  growth  of  bacterial  cultures,  growth 
was  normal  when  hormone  was  added  to  the 
medium.  Formation  of  such  a  complex  may 
also  have  resulted  from  an  interaction  of 
actinomycin  D  and  thyroxine  in  this  study, 
and  its  inability  to  enter  the  cell  in  toxic 
quantities  could  account  for  the  minimal  ter- 
atogenic effect  of  the  drug. 

Summary,  The  embryolethal  and  terato- 
genic effects  of  actinomycin  D  were  studied 
in  Long-Evans  rats.  Subcutaneous  adminis- 
tration extended  the  teratogenic  time  range 
of  the  drug  beyond  that  previously  identified 
by  intraperitoneal  injections;  a  single  dose 
(200  /Ag/kg  body  weight)  given  on  day  12  of 
pregnancy  caused  club  foot,  generalized 
edema,  exomphalos,  and  growth  retardation 
in  14%  of  surviving  young.  When  equal 
amounts  of  L-thyroxine  were  injected  con- 
currently with  actinomycin  D  on  day  12  of 
development,  the  effects  of  actinomycin  on 
the  mothers  were  ameliorated  and  abnormal- 
ities in  the  young  were  strikingly  reduced. 
When  injected  one  day  previous  to  treatment 
with  actinomycin  D,  thyroxine  prevented  fe- 
tal malformations.  These  results  may  be  in- 
terpreted on  the  hypothesis  that  the  hormone 


forms  a  harmless  complex  with  actinomycin 
D. 
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Clinical  trials  have  shown  (1-3)  that  remis- 
sion and  survival  in  acute  myelomonocytic 
leukemia  (AMML)  is  increased  significantly 
by  inmiunotherapy.  Despite  these  important 
clinical  findings  few  well  characterized  trans- 
plantation models  of  the  disease  in  inbred 
mice  are  in  use  for  the  analysis  of  basic 
immunologic  mechanisms.  By  employing  an 
appropriate  model  it  should  be  possible  to 
characterize  the  relative  malignancy  of  the 
major  cell  populations  that  comprise  the  dis- 
ease, their  relative  inmiunogenicity,  whether 
a  protective  immune  response  is  serum  or  cell 
mediated,  and  the  effects  of  drugs  and  im- 
munopotentiating  agents  on  the  course  of  the 
disease.  We  are  particularly  interested  in  de- 
termining whether  the  immune  mechanism 
recognizes  with  equal  avidity  the  diverse  ma- 
lignant cell  populations  that  comprise  the 
disease.  Warner,  Moore  and  Metcalf  (4)  orig- 
inally described  the  occurrence  of  AMML  in 
BALB/c  mice  and  derived  four  sublines  from 
the  original  parental  tumor  (WEHI).  The  A 
and  D  sublines  were  chloromas.  The  3B  and 
3C  lines  appeared  to  approximate  AMML  in 
humans.  We  report  here  the  basic  character- 
istics of  a  transplantation  model  of  WEHI-3B 
AMML. 

Methods,  Mice,  Inbred  BALB/cwm  mice 
(referred  to  as  BALB  mice  hereafter)  were 
obtained  from  our  breeding  stocks.  Mice  were 
6-8  weeks  old  when  used.  The  lineage  of  the 
strain  and  hematologic  properties  of  the  mice 
were  described  (S).  Female  mice  were  used 
for  all  experiments.  WEHI -38  line  of  A  MML 
We  obtained  the  WEHI-3B  line  from  Dr.  D. 
Metcalf  of  The  Walter  and  Eliza  Hall  Insti- 
tute of  Medical  Research,  Melbourne,  Aus- 
tralia. On  receipt  the  subcutaneous  tumor 

*  This  work  was  supported  by  a  grant  from  the  Elsa 
U.  Pardee  Foundation  and  Grant  No.  CH-84  by  the 
American  Cancer  Society. 


was  transplanted  inmiediately  into  our  strain 
of  mice.  The  methods  used  to  develop  the 
subcutaneous  (SQ),  splenic  (SP)  and  intra- 
peritoneal (IP)  sublines  are  described  under 
Results, 

Balanced  salt  solution,  WEHI  cells  are  sen- 
sitive to  the  salt  composition  and  pH  of  me- 
dia. A  balanced  salt  solution  (MBSS)  was 
used  that  was  optimum  for  maintaining  cell 
viability.  MBSS  contained  per  L  of  double 
distilled  water:  0.14  g  CaCb;  8.0  g  NaCl;  0.4 
g  KCL;  0.2  g  MgS04-7H20;  0.2  g 
MgCl2  6H2O;  0.06  g  KH2PO4;  0.24  g 
Na2HP04  2H2O;  0.01  g  phenol  red  (Allied 
Chem.  Corp.,  NY)  and  4.5  g  Hepes  buffer 
(Schwarz-Mann,  Orangeburg,  NJ).  The  so- 
lution was  sterilized  by  filtration  through  a 
0.22  /ifilter  and  the  pH  adjusted  to  7.2. 

Dose-response  assays.  Details  are  presented 
under  RESULTS.  The  method  of  Skipper, 
Schabel  and  Wilcox  (6)  was  used  to  (teter- 
mine  whether  a  single  viable  cell  of  the  IP 
subline  was  lethal  to  mice. 

Histopathologic  methods.  Mice  (3/group) 
inoculated  iv  or  ip  with  10^  viable  celh  were 
killed  at  selected  time  intervals.  Control  mice 
(4/group)  received  injections  of  MBSS  in 
place  of  the  cell  suspensions  and  were  killed 
and  examined  at  the  end  of  the  experiment 
Samples  of  the  thymus,  spleen,  mesenteric 
lymph  nodes,  heart,  mediastinum,  lung,  kid- 
ney, adrenal  gland,  femur  (bone  marrow), 
genitourinary  organs,  gastrointestinal  tract, 
and  brain  were  taken  for  examination.  Tis- 
sues were  fixed  in  10%  (v/v)  formalin-saline, 
paraffin-embedded,  sectioned,  and  stained 
with  hematoxylin  and  eosin.  Cell  blocks  were 
prepared  by  centriftigation  of  cell  suspen- 
sions, fixed  in  Bouin's  solution,  and  similarly 
emb^ded,  sectioned  and  stained. 

Hematologic  methods.  Each  of  55  mice  re- 
ceived a  single  ip  injection  of  10^  viable  cells 
contained  in  1  ml  of  MBSS.  Control  mice  (14 
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is)  received  an  ip  injection  of  1  ml  of 
i  and  were  kiUed  either  on  the  day  of 
ion  or  18  days  later.  Methods  were  de- 
d  in  detail  (5).  Most  animals  were  bled 
)nce.  If  mice  were  bled  twice  the  first 
ing  was  done  on  day  13,  followed  by  a 
i  bleeding  on  day  20  or  21.  Peripheral 

was  obtained  by  cutting  1-2  mm  off 
il  and  then  letting  the  blood  flow  freely, 
nens  taken  30-60  sec  later  were  col- 

directly  into  hematologic  pipettes  and 
inized  microhematocrit  tubes.  Total 
ififerential  leukocyte  counts  were  made 
e  method  described  by  Wintrobe  (7). 
leral  blood  samples  were  diluted  1:20 
ematologic  pipette  with  Turk's  solution 
glacial  acetic  acid  (v/v),  1%  Gentian 

(v/v),  in  distilled  water).  Erythrocytes 
allowed  to  lyse  for  5  min  and  the  leu- 
is  then  counted  in  a  hemocytometer. 
percent  distribution  of  leukocyte  types 
letermined  by  counting  100  cells  on 
It  stained  films.  The  microtechnique 
sed  for  hematocrit  determinations.  Hep- 
x)ated  capillary  tubes  were  filled  ap- 
nately  halfway  and  sealed  at  both  ends, 
i  tubes  were  placed  in  microhematocrit 
bead  and  centrifuged  for  5  min  at  4000 
rhe  percent  of  packed  cells  was  deter- 
l  by  use  of  a  microhematocrit  tube 
r. 

ting  efficiency  of  ceil  lines.  Standard  pro- 
^  were  used  for  passing  the  tumor  cell 
or  efficiency  of  plating  tests:  Mice  were 
iated  sq  with  2.25  X  10**  cells  of  the  SQ 
umors  were  harvested  17-21  days  later, 
oculum  (ip)  of  10^  IP  cells  was  used; 
s  cells  were  harvested  14-16  days  later. 
le  SP  line  10^  tumor  cells  were  injected 
nor  cells  were  harvested  approximately 
^s  later.  Under  these  conditions  the  ceU 
ations  of  each  transplanted  line  con- 
i  the  greatest  proportion  of  tumor  cells 
ermined  by  microscope  observation;  vi- 
^  was  85-90%.  Mondisperse  prepara- 
o{  cells  were  suspended  to  the  desired 
titration  in  RPMI 1640  medium  (Grand 

Biological  Co.,  Grand  Island,  NY) 
ning  10%  fetal  calf  serum  (inactivated 
for  30  min).  To  plate  cells  serial  tenfold 
»ns  were  made  in  double  strength  RPMI 
1  medium  containing  20%  inactivated 
alf  serum,  200  U/ml  of  penicillin  and 


200  /ig/ml  of  streptomycin.  Difco  agar  (Difco 
Laboratories,  Detroit,  MI)  was  made  up  in 
double  distilled  water  to  a  final  concentration 
of  0.6%,  melted,  maintained  at  45^,  and 
added  volume:  volume  to  dilutions  of  cell  sus- 
pensions. Three  ml  of  each  cell  suspension 
was  plated  in  tripUcate  (3  wells/dilution  of 
cell  suspension)  in  Costar  Cluster^  plates 
(Costar,  Cambridge,  MA).  Cells  were  incu- 
bated at  37**  in  a  CO2  incubator  (5%  CO2, 
95%  air)  for  up  to  7  weeks.  Cells  were  fed  at 
approximately  4  day  intervals  by  adding  1-2 
ml  of  semisolid  growth  medium  to  each  well 
An  inverted  microscope  (lOx  lens)  was  used 
to  score  colonies  at  approximately  4  day  in- 
tervals. A  discrete  cluster  of  cells  was  scored 
as  a  colony  if  it  contained  more  than  50  cells 
(8). 

Statistical  methods.  Statistical  methods 
were  described  (9).  Data  from  the  dose-re- 
sponse assays  for  the  SQ,  SP,  and  IP  lines 
were  computer  plotted  by  use  of  the  Michigan 
Interactive  Data  Analysis  System  (MIDAS) 
which  is  a  subroutine  on  the  Michigan  Ter- 
minal System.  Tests  included  one-way  covar- 
iance  models  for  regression  analysis,  and  Stu- 
dent's "t"  test. 

Results,  Derivation  of  the  SQ,  SP  and  IP 
sublines.  The  starting  material  for  all  three 
subines  was  a  SQ  transplant  (360-73)  of 
WEHI-3B. 

The  SQ  subline  was  maintained  by  serial 
passage  at  3-week  intervals.  Tumors  were 
harvested  at  their  peak  of  growth  and  minced 
to  1  cu  mm  with  sterile  sodpels  in  cold  (4^) 
MBSS  to  yield  dispersed  cell  suspensions. 
After  cell  and  tissue  debris  was  allowed  to 
settle  (4-5  min  at  4^)  the  cells  remaining  in 
suspension  were  washed  twice.  Viable  cell 
counts  were  done  by  the  trypan  blue  dye 
exclusion  technique.  Cells  were  suspended  in 
MBSS  to  prepare  20%  suspensions  (v/v)  and 
0.5  ml  was  injected  SQ  between  the  scapulae 
of  recipient  mice.  The  splenic  (SP)  subline 
was  derived  from  the  SQ  line  by  the  ip  injec- 
tion of  a  20%  suspension  of  SQ  tumor  cells. 
Thereafter  spleen  cells  from  mice  moribund 
from  leukemia  were  used  for  serial  passage 
by  the  ip  route.  Because  the  original  sublines 
of  WEHI  employed  by  Warner,  Moore  and 
Metcalf  (4)  underwent  significant  variation 
on  serial  passage,  the  SP  subline  was  passed 
serially  25  x  to  adapt  it  fully  to  the  splenic 


558 


TRANSPLANTABLE  MYELOMONOCYTIC  LEUKEMIA 


growth  form.  Monodisperse  spleen  cell  sus- 
pensions of  the  SP  subline  were  washed  twice 
in  MBSS  and  viable  cell  counts  done  by  the 
trypan  blue  dye  exclusion  technique.  For  rou- 
tine passage  10^  viable  cells  were  injected  ip. 
The  IP  Subline  was  derived  from  mice  that 
had  been  inoculated  with  passage  27  of  the 
SP  subline.  However,  peritoneal  cells  ob- 
tained from  mice  moribund  from  leukemia 
were  used  for  serial  passage  by  the  ip  route 
instead  of  spleen  cells.  For  routine  passage 
6.0  ml  of  MBSS  were  injected  ip  into  mice 
moribund  from  AMML,  the  abdominal  cav- 
ity gently  massaged,  and  the  fluid  withdrawn 
with  an  18  gauge  needle  and  syringe.  Cells 
were  washed  twice  and  counted.  Viability 
consistently  was  95-100%. 

Morphologic  studies.  For  morphologic 
studies  Wri^t-stained  films  and  hematoxy- 
lin-eosin  stained  sections  of  cell  blocks  were 
prepared  from  the  cell  suspensions  used  for 
routine  passage.  The  morphologic  properties 
of  the  cells  in  the  SQ  tumors  were  essentially 
the  same  as  those  described  by  Warner, 
Moore  and  Metcalf  (4).  Figure  1  shows  the 
cell  types  characteristic  of  the  SP  subline  as 


seen  in  cell  block  preparations.  Many  of  the 
cells  were  large,  atypical  blasts,  characterized 
by  small  amounts  of  cytoplasm  and  large, 
pleomorphic,  round  to  irregular  nuclei  con- 
taining two  to  four  nucleoli.  Occasional  di- 
viding forms  were  present.  Other  large  atyp- 
ical cells  were  monocytoid  with  indented, 
lobulated,  or  folded  nuclei  or  horsesho& 
shaped,  irregularly  lobed,  nuclei.  Scattered 
amongst  these  elements  were  many  lympho- 
cytes, presumably  of  splenic  origin,  and  oc- 
casional megakaryocytes  and  granulocytes. 
Cells  of  the  IP  subline  were  more  homoge- 
neous morphologically  than  the  SP  line  be- 
cause of  the  absence  of  admixed  splenic  el^ 
ments. 

Dose-response  assays.  Cell  suspensions 
were  prepared  from  each  subline  as  described 
above.  Viable  cells  in  graded  logio  dilutions 
were  injected  by  the  appropriate  route  into 
separate  groups  of  mice.  Mice  were  observed 
for  45  days  after  inoculation  and  deaths  from 
leukemia  were  scored.  Regression  curves 
were  computer  analyzed  as  described  previ- 
ously (9).  Data  for  the  SQ  subline  were  ob- 
tained for  passages  8  and  10,  from  passages 


I  mouse  moribund  from  the  SP  subline  of  transplanted  WEHl-i 
cell  block  and  sectioned.  Laree  Dleomorohic  leukemic  cells  are  n 


Fig.  1.  Spleen  cells  obuined  from  a  mouse  moribund  from  the  SP  subline  of  transplanted  WEH1-3B  myekh 
monocytic  leukemia  were  prepared  as  a  cell  block  and  sectioned.  Large  pleomorphic  leukemic  cells  are  mixed  intk 
lymphocytes.  Magnification  x  410;  all  sections  were  stained  with  hematoxylin-eosin. 
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nd  33,  respectively  for  the  SP  subline, 

passages  1,  4,  6,  and  20,  respectively, 
P  subline.  The  slopes  of  the  regression 
for  the  serial  passages  of  any  single 
t  (data  not  shown)  did  not  differ  sig- 
tly.  When  the  data  were  pooled  (Fig. 
s  found  that  the  three  sublines  did  not 
ignificantly  in  their  lethality  for  mice. 

any  single  experiment  the  standard 
)ns  in  survival  data  were  of  the  range 
.8.  In  practice,  the  spread  in  time  in 
itil  death  at  any  given  cell  dose  with 
the  three  transplantation  lines  did  not 
1-5  days. 

fe  cell  kill  for  the  IP  subline.  The  sta- 
approach  employed  previously  by  us 

by  Skipper,  Schabel  and  Wilcox  (6) 
k1  to  test  whether  a  single  tumor  cell 

IP  subline  caused  fatid  AMML.  A 
i  discussion  of  the  theoretical  basis  for 
lysis  is  presented  by  Skipper,  Schabel 
Icox  (6).  In  brief,  the  fraction  of  mice 
e  from  transplanted  leukemia,  when 
ceive  an  inoculum  of  two  or  less  cells, 
ictable  from  the  Poisson  distribution 
rhcre  P(m)  =  (f  •  e"'"/m!  In  this  equa- 
m)  is  the  fraction  of  mice  that  receive 
ible  cells  when  the  average  number  of 
cells  injected  per  mouse  is  'V.  Cell 
lions  are  diluted  so  that  some  mice 

0  cells,  some  one  cell,  some  two  cells, 
le  can  estimate  the  number  of  cells 
i  into  each  mouse  by  applying  the 

1  distribution  to  evaluate  P(0),  i.e., 
ome  mice  survive  because  they  receive 


LOOk,  CELL  DOSE 

I.  Dose  response  ofBALB/cwm  mice  to  graded 

es  of  the  SQ  (O-     •    O),  SP  (A ^A)  and  IP 

])  sublines  of  WEHI-3B  myelomonocytic  leu- 
Ach  point  on  each  regression  curve  represents 
from  pooled  results  (two  to  four  experiments, 
ce  per  point). 


0  cells.  Under  these  assay  conditions  the 
equation  simplifies  to  P(0)  =  e"*".  In  our 
experiments  we  simply  sought  to  determine 
whether  the  lethality  of  tumor  cell  suspen- 
sions was  consistent  with  single  cell  kill.  Thus, 
a  suspension  of  IP  cells  (10^  viable  cells/ml) 
was  diluted  to  contain  (statistically  speaking) 
one  viable  cell/ml  of  inoculum.  In  the  exper- 
iment 68  mice  received  a  1  ml  ip  injection  of 
the  diluted  preparation.  Of  these  7  died  from 
transplanted  AMML  whence  P(0)  =  61/68 
or  P(0)  =  0.9.  Substituting  0.9  for  P(0)  yields 
0.9  =  e""  whence  "a"  becomes  0.11.  Thus, 
imder  the  test  conditions  the  average  number 
of  leukemic  cells  injected  per  mouse  was  0.1 1. 
The  computed  probability  distribution  is  as 
follows:  P{0)  ^  61  mice  received  no  leukemic 
cells;  P(l)  =  7  mice  received  one  leukemic 
cell;  ^(2)  =  0.005  mice  received  2  malignant 
cells.  The  actual  experimental  results  were  in 
excellent  accord  with  the  computed  probabil- 
ity distribution.  Thus,  the  findings  provide 
evidence  that  a  single  malignant  cell  of  the 
IP  subline  caused  fatal  AMML.  Since  the 
dose-response  curves  for  all  3  sublines  were 
so  similar  it  is  reasonable  to  assume  that  they 
all  approximated  single  cell  kiU. 

Hematologic  studies.  Detailed  hematologic 
studies  were  done  with  the  IP  subline  (pas- 
sage 49).  Each  of  55  mice  received  a  1  ml 
injection  of  10*  viable  cells  ip.  The  experi- 
ment was  terminated  at  21  days  because  cu- 
mulative mortality  reached  80-90%  by  this 
time  and  values  were  so  variable  in  such 
moribund  mice.  The  data  summarized  in  Ta- 
ble I  are  based  on  the  following  definitions: 
Lymphocytes  were  assigned  to  a  single  cate- 
gory irrespective  of  size.  Cells  were  scored  as 
mature  granulocytes  if  they  had  distinctly 
segmented  nuclei  and  specific  cytoplasmic 
granules.  Granulocytes  with  slender,  ringlike, 
but  nonsegmented  nuclei  were  classified  as 
bands  while  those  with  heavier  ringlike  nu- 
clei, or  round  to  oval  nuclei,  were  defined  as 
metamyelocytes  and  myelocytes,  respectively. 
These  last  three  categories  are  classified  un- 
der the  single  heading  ''immature  granulo- 
cytes." Monocytes  were  identified  by  their 
abundant  gray-blue  cytoplasm  and  indented, 
lobulated,  or  folded  nuclei.  ''Blast  cells"  were 
identified  by  their  blue  cytoplasm  and  large 
nuclei,  a  fine  chromatin  pattern,  and  usually 
multiple  nucleoli.  Some  blast  cells  were  only 
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slightly  larger  than  the  other  circulating  leu- 
kocytes wUle  others  were  giant  forms  with  a 
two  to  threefold  larger  volume.  ''Immature 
monocytes"  were  intermediate  morphologi- 
cally between  blasts  and  monocytes. 

Table  I  shows  that  hematocrits  remained 
normal  for  18  days  but  decreased  approxi- 
mately 20%  during  the  last  2  to  3  days  of  life. 
Similarly,  total  leukocyte  counts  were  essen- 
tially normal  through  day  17.  Thereafter,  el- 
evation of  total  counts  was  pronounced  with 
median  values  at  days  18,  19,  20  and  21  of 
approximately  22,000,  28,000,  42,000  and 
73,000  WBC/mm^,  respectively.  This  leuko- 
cytosis could  be  attributed  largely  to  an  in- 
crease in  cells  in  the  granulocyte  compart- 
ment (mostly  neutrophils,  an  occasional  eos- 
inophil, but  no  basophils).  An  increase  in 
mature  granulocytes  was  evident  by  12  days 
after  incubation  with  approximately  a  tenfold 
increase  inmiediately  t^efore  death.  There  was 
an  fourfold  increase  in  immature  granulo- 
cytes by  day  18  with  a  16-fold  increase  before 
death.  An  increase  in  mature  monocytes  was 
evident  by  18  days  with  approximately  a 
tenfold  increase  before  death.  Immature 
monocytes  and  blast  cells  were  detected  as 
early  as  8  to  16  days  after  inoculation  and 
either  remained  elevated  or  increased  in  num- 
ber up  to  death. 

Histopathologic  studies.  10^  viable  IP  cells 
were  injected  ip  and  mice  were  killed  at  4,  8, 


12  and  16  day  intervals.  At  4  days  malignant 
cells  were  not  detectable  in  tissues.  By  8  days 
there  were  neoplastic  infiltrates  in  the  intra- 
abdominal adipose  tissue.  At  12  days  these 
infiltrates  were  larger  and  malignant  cells 
were  evident  in  the  liver.  Neoplastic  cells 
were  present  in  mediastinal  and  retroperito- 
neal lymph  nodes  but  were  not  detected  in 
the  spleen  or  bone  marrow.  By  16  days  infil- 
trates were  more  extensive  and  had  begun  to 
penetrate  into  the  pelvic  and  abdominal  vis- 
cera. Although  the  splenic  red  pulp  was  infil- 
trated by  neoplastic  cells,  similar  leukemic 
infiltrates  could  not  be  detected  in  the  mar- 
row. However,  there  were  small,  ill-defined 
foci  in  the  marrow  in  which  less  mature  forms 
seemed  more  numerous  than  is  normal.  Fig- 
ures 3  and  4  show  typical  histopathologic 
changes.  When  mice  were  inoculated  with 
the  SP  subline  the  results  were  essentially  the 
same.  When  IP  or  SP  cells  were  inoculated 
by  the  iv  route  no  remarkable  differences 
were  found  compared  with  the  ip  route. 

Plating  efficiency  of  cells.  Although  the 
three  transplanted  cell  lines  were  essentially 
equal  in  their  lethaUty  for  mice,  the  possibiUty 
existed  that  the  proportions  of  tumor  cells  of 
different  types  comprising  each  line  might 
differ  as  a  result  of  selective  pressures  exerted 
during  serial  passage.  The  histologic  studies 
described  above  indicated  either  qualitative 
or  quantitative  differences  in  the  cell  popu- 
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Days- 
after 
inoc- 

Cells per  cu  mm 

X  10-^ 

Immature 

ula- 

Lympho- 

Granulo- 

Granulo- 

Mono- 

Immature 

tion 

Hematocrit 

Total  WBC 

cytes 

cytes* 

cytes*" 

cytes 

monocytes 

Blasts^ 

4 

55.6  ±  2.0 

11.3  ±2.4 

9.1  ±2.3 

1.7  ±  0.3 

0.1  ±.1 

0.2  ±0.1 

0.0  ±0.0 

0±0 

8 

56.4  ±  5.7 

13.2  ±  3.6 

10.3  ±  3.3 

2.4  ±0.8 

0.2  ±  .3 

0.3  ±  0.3 

0.0  ±  0.0 

.l±.l 

12 

57.1  ±9.8 

17.6  ±  3.7 

12.6  ±  4.3 

3.9  ±  2.5 

0.2  ±  .2 

0.2  ±  0.3 

0.0  ±0.1 

.I±.2 

16 

50.9  ±3.1 

13.8  ±  2.9 

7.4  ±  2.6 

5.1  ±  1.4 

0.3  ±  .3 

0.4  ±  0.2 

0.2  ±  0.2 

.4  ±.2 

17 

53.4  ±  1.9 

13.6  ±  3.0 

6.9  ±1.7 

5.6  ±2.1 

0.2  ±  .2 

0.2  ±  0.2 

0.2  ±0.1 

.3  ±.2 

18 

51.7  ±5.5 

21.8  ±7.8 

10.0  ±  5.5 

8.3  ±  4.0 

0.4  ±.1 

0.7  ±  0.4 

0.7  ±  0.5 

.4  ±.3 

19 

47.3  ±  3.8 

28.5  ±  13.1 

11.5  ±7.0 

14.4  ±5.7 

0.8  ±  .9 

1.4  ±  1.5 

0.1  ±0.2 

.2  ±.3 

20 

43.9  ±  5.4 

41.7  ±  14.6 

17.6  ±  7.9 

19.2  ±  5.8 

1.0  ±  .8 

2.2  ±  1.1 

0.4  ±  0.5 

1.2  ±1.5 

21 

41.6  ±3.3 

72.8  ±  46.0 

35.0  ±  20.0 

30.0  ±23.8 

1.6  ±  1.7 

3.9  ±  2.8 

0.5  ±  0.7 

1.8  ±  2.0 

18* 

54.1  ±2.1 

14.3  ±  3.3 

11.1  ±3.1 

2.7  ±  0.7 

0.1  ±.2 

0.4  ±  0.3 

0.0  ±  0.0 

0±0 

**  10^  viable  IP  cells  were  injected  ip  into  separate  groups  of  mice  so  that  most  animals  were  bled  only  once.  Each 
data  point  represents  the  results  from  7  animals. 

*  Polymorphonuclear  neutrophils  and  eosinophils. 

*"  Myelocytes,  metamyelocytes,  and  bands. 

''  Undifferentiated  stem  cells. 

'  Control  mice  inoculated  with  MBSS,  and  killed  either  on  the  day  of  injection  or  18  days  later.  Since  counts  were 
essentially  the  same  for  both  sets  of  mice,  data  are  presented  only  for  the  18  day  animals. 
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IG.  3.  Liver  from  a  mouse  moribund  from  the  IP  subline  of  transplanted  myelomonocytic  leukemia.  The 
itic  parenchyma  is  partly  replaced  by  deeply  staining  leukemic  cells  that  are  particularly  dense  perivascularly 
60). 


C^tfr^^ 


IG.  4.  spleen  from  a  mouse  moribund  from  the  IP  subline.  The  red  pulp  is  largely  replaced  by  pleomorphic 
ocytoid  cells  that  contrast  with  the  smaller  darker  lymphocytes  (x  410). 
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lations  in  the  three  cell  lines.  In  an  attempt  to 
obtain  more  objective  data  we  compared  the 
plating  efficiency  of  the  SQ,  SP,  and  IP  sub- 
lines. Freshly  harvested  cells  of  each  tumor 
line  were  diluted  serially,  plated  in  semisolid 
medium,  and  incubated  at  37^  for  up  to  7 
weeks.  Cell  growth  was  scored  by  examining 
plates  at  approximately  4  days  intervals. 
Clusters  of  SO  or  more  cells  were  scored  as 
colonies.  ""Compact"  colonies  were  those  that 
grew  rapidly  (were  detectable  macroscopi- 
cally  in  10-15  days  and  were  1  to  2  mm  in 
diameter),  had  very  dense  centers,  and  were 
surrounded  by  a  narrow  border  of  cells  grow- 
ing into  the  agar.  "'Diffuse"  colonies  usually 
grew  more  slowly,  did  not  have  compact  cen- 
ters, and  cells  were  diffusely  distributed  in 
the  semisolid  agar.  No  attempt  was  made  to 
identify  the  cell  type  in  colonies  as  was  done 
by  Metcalf,  et  al  (8).  Even  though  the  data 
in  Table  II  are  somewhat  of  a  preliminary 
nature  they  reveal  rather  clear  cut  differences 
in  the  growth  capabilities  of  cells  of  the  SQ, 
SP,  and  IP  lines.  Colonies  failed  to  grow  out 
from  the  SQ  and  SP  lines  if  the  inoculum 
contained  less  than  10^  cells  per  ml.  At  the 
10^  inoculum  growth  was  so  dense  that  colo- 
nies overlapp^  and  accurate  counts  could 
not  be  made.  A  rather  wide  range  of  colony 
types  was  observed  with  the  SQ  line.  With 
the  SQ  line  colonies  could  not  be  detected 
macroscopically  until  cultures  were  4-5 
weeks  old.  The  SP  line  showed  the  same 
threshold  effect  as  the  SQ  line,  although  col- 
onies were  usually  of  the  compact  or  diffuse 
type.  Colonies  were  detectable  macroscopi- 
cally after  10-15  days  of  incubation.  When  a 
cell  inoculum  of  3  X  10^  or  3  X  10^  of  the  IP 


line  was  used,  plating  efficiency  was  of  the 
order  of  5%,  colonies  became  visible  macro- 
scopically in  10-15  days,  growth  was  essen- 
tially the  same  in  medium  containing  a  final 
concentration  of  either  10  or  20%  fetal  calf 
serum,  colonies  were  either  of  the  diffuse  or 
compact  type,  and  the  two  colony  types  oc- 
curred in  equal  proportions. 

Discussion,  To  develop  a  practical  model 
of  transplantable  AMML  in  mice  three  sub- 
lines of  the  WEHI-3B  tumor  were  adapted 
by  serial  passage  in  syngeneic  BALB/c  mice. 
The  SQ  subline  was  employed  as  a  model  to 
simulate  solid  tumor  growth,  the  IP  subline 
to  represent  the  ascitic  growth  form,  and  the 
SP  subline  as  a  model  for  splenic  transmis- 
sion. For  each  subline  the  time  in  days  until 
death  was  a  linear  function  of  the  logio  cell 
dose  inoculated  (Fig.  2).  The  slopes  of  the 
regression  curves  of  the  three  sublines  were 
essentially  the  same  and  remained  stable  after 
each  subline  was  fully  adapted  by  serial  pas- 
sage. The  stability  of  the  cell  lines  demon- 
strated in  this  report  was  important  because 
Warner,  Moore  and  Metcalif  (4)  described 
marked  changes  among  subpassages  of 
WEHI  cells  on  serial  transplantation.  Varia- 
bility in  the  properties  of  transplantable  lines 
of  rat  AMML  has  been  a  problem  in  the 
development  of  some  of  these  models  (10). 

The  main  value  of  the  dose-response  data 
is  that  they  permit  precise  quantification  of 
AMML  tumor  cell  populations.  Thus,  it  be- 
comes possible  by  use  of  techniques  described 
previously  (1 1)  to  quantify  how  immunologic 
reactions  or  drugs  affect  the  course  of  the 
experimental  disease.  However,  the  morpho- 
logic diversity  of  AMML  cell  populations  was 


TABLE  II.  Plating  Efficiency  of  the  SQ,  SP.  and  IP  Sublines  of  WEHI-3B. 


Passage  num- 
bers 

%  plating  efficiency  with  inoculum  con- 
centrations:" 

Time  for  colonies 
to  become  visible 
macroscopically 

Cell 
line 

10» 

10*          10^         10^       10» 

Colony  types' 

SQ 
SP 
IP 

12 

37 

103,  107 

TNC* 

TNC 

TNC 

0            0         0          0 

0            0         0          0 

TNC      TNC      4.97     4.95 

4  to  5  weeks 
10  to  15  days 
10  to  15  days 

Diverse 

Diffuse  or  compact 

Diffuse  or  compact 

"  Percenuge  of  viable  cells  inoculated  into  plates  that  developed  into  discrete  colonies  containing  50  or  more  cells 
each.  Cells  at  the  indicated  densities  were  inoculated  into  Costar  Cluster^  plates  using  triplicate  wells/cell  dilution. 
Cells  were  incubated  at  37°  for  up  to  7  weeks  in  a  CO2  incubator.  Cells  in  plates  were  fed  at  approximately  4  day 
intervals  by  adding  1-2  ml  of  fresh  semisolid  growth  medium.  Plating  efficiencies  were  calculated  by  dividing  the 
number  of  colonies/plate  by  the  number  of  viable  cells  in  the  inoculum  X  100.  Results  are  from  two  represenutive 
experiments. 

*  Colonies  were  Too  Numerous  to  Count. 

"^  See  text  for  detailed  description. 
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plicating  factor,  i.e.,  the  slopes  of  the 
don  curves  may  have  represented  the 
ffect  of  interacting  cell  populations, 
it  was  important  to  determine  if  the 
ty  of  a  single  malignant  myelomono- 
sukemic  cell  was  altered  by  other  cells 
d  in  the  same  test  population.  The 
of  the  statistical  analysis  with  the  IP 
s  provided  evidence  consistent  with  sin- 
1  kiU,  i.e.,  the  presence  of  nonmalignant 

I  preparations  did  not  affect  the  malig- 
of  single  IP  cells  under  these  test  con- 
». 

LOUgh  the  dose-response  and  histopath- 
data  indicated  that  all  three  sublines 
similar,  they  could  be  distinguished 
lach  other  by  the  use  of  more  sensitive 
techniques.  For  example,  the  data  in 

II  shows  that  the  plating  efficiency  of 
line  was  approximately  5%,  colonies 

m  in  size  grew  out  in  10-15  days,  and 
»ther  compact  or  diffuse.  In  contrast, 
^  and  SQ  lines  both  showed  a  marked 
bold  effect"",  i.e.,  colonies  failed  to  grow 
len  an  inoculum  of  <  10^  cells  was  used. 
I  Vfi  concentration  colonies  grew  at 
igh  densities  that  they  overlapped  each 
For  the  SP  line  colonies  grew  out  to 
scopically  visible  size  in  10-15  days 
ere  either  "compact"  or  "diffuse."  For 
\  line  colonies  were  not  detectable  mac- 
lically  until  4-5  weeks  of  incubation 
rather  diverse  array  of  colony  types 
ibserved.  While  the  data  in  Table  II  are 
:edly  of  a  preliminary  nature,  they 
heless  provide  rather  convincing  evi- 
for  qualitative  differences  in  the  cell 
itions  that  comprise  the  three  trans- 
ble  lines.  Diversity  within  a  given  line 
as  been  documented.  For  example,  13 
I  lines  of  cells  of  been  established  in 
e  from  the  IP  line.  They  differ  in  their 
lologic  properties,  growth  characteris- 
id  relative  malignancy  for  BALB  mice, 
uunple,  the  LDioo  dose  of  a  line  desig- 
A3  is  10^  viable  cells  with  a  mean 
al  time  of  mice  of  50.3  days.  For  a  line 
Ated  MW-7,  the  LDioo  dose  is  <10^  and 
survival  time  is  32.2  days.  Detailed 
s  of  the  type  described  by  Metcalfe/  al, 
^  being  carried  out  to  more  adequately 
rterize  the  cell  populations  that  com- 
he  SQ,  SP,  and  IP  lines. 


The  histopathologic  changes  caused  by  the 
IP  subline  were  consistent  with  the  initial 
multiplication  of  the  malignant  cells  in  var- 
ious abdominal  organs  and  tissues.  After  pro- 
gressive cell  growth  and  infiltration  of  tissues, 
cell  populations  reached  proportions  suffi- 
cient to  appear  in  the  peripheral  blood.  Such 
results  are  typical  of  transplanted  leukemias. 
In  the  original  report  by  Warner,  Moore  and 
Metcalf  (4)  detailed  hematologic  data  were 
not  provided  for  the  WEHI-3B  line.  Because 
of  the  recognized  difficulties  in  the  precise 
identification  of  the  cell  types  that  are  found 
in  AMML  (12)  we  classified  cells  into  major 
categories  that  could  be  identified  with  rea- 
sonable accuracy.  The  most  impressive  he- 
matologic change  was  the  increase  in  the  cell 
populations  in  the  granulocyte  compartment 
(neutrophils).  An  increase  in  mature  granu- 
locytes occurred  as  early  as  12  days  after 
inoculation  and  became  approximately  ten- 
fold before  death.  A  similar  pattern  occurred 
with  the  cells  classified  as  "inmiature"  gran- 
ulocytes (principally  metamyelocytes  and 
bands).  Blast  cells  were  detected  in  the  pe- 
ripheral blood  as  early  as  8  days  after  inoc- 
ulation and  increased  in  number  until  death. 
Mature  and  immature  monocytes  increased 
in  the  peripheral  blood  by  18  days  after  in- 
oculation and  remained  elevated  until  death. 
These  hematologic  changes,  and  the  accom- 
panying pathologic  changes  in  tissue,  were 
consistent  with  characterization  of  the  disease 
as  myelomonocytic  leukemia  as  reported 
originally  (4).  We  also  confirmed  that  inva- 
sion of  bone  marrow  was  minimal  in  the 
transplanted  disease.  This  does  not  necessar- 
ily detract  from  the  experimental  model  since 
it  will  be  of  interest  to  determine  whether  the 
failure  of  WEHI-3B  cells  to  infiltrate  the  bone 
marrow  in  large  numbers  is  immunologically 
mediated  or  has  some  other  basis.  For  ex- 
ample, resistance  to  allografts  of  bone  mar- 
row in  mice  appears  to  be  mediated  (13)  by 
a  ®®Sr-sensitive  bone  marrow  effector  cell  (M 
cells)  and  is  relatively  independent  of  classical 
B  and  T  cell  immunologic  mechanisms. 

The  proliferative  changes  observed  in  tis- 
sues, as  well  as  some  of  the  hematologic 
alterations  in  the  peripheral  blood,  are  similar 
to  those  found  in  other  transplanted  myeloid 
leukemias.  For  example,  in  their  studies  of 
RMF  transplanted  leukemia  Husseini  et  al. 
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(14)  also  found  a  stimulatory  effect  of  trans- 
planted myeloid  leukemia  cells  on  normal 
hematopoiesis.  Studies  in  progress  have 
shown  that  a  cloned  line  of  WEHI-3B  cells 
(HUCL-1)  produces  colony  stimulating  fac- 
tor (CSF)  in  vitro.  Perhaps  the  production  of 
CSF  in  vivo  by  malignant  WEHI  cells  ac- 
counts for  some  of  the  hematopoietic  or  his- 
topathologic changes  seen  in  this  disease.  It 
also  may  account  for  the  'threshold  effect" 
observed  with  the  SQ  and  SP  lines  in  the 
plating  efficiency  tests.  Thus,  it  will  be  of 
interest  to  compare  various  cloned  lines  of 
WEHI-3B  cells  for  their  relative  malignancy 
in  vivo,  their  capacity  to  produce  CSF,  and 
accompanying  histopathologic  changes.  The 
current  study  was  done  to  carefully  define  the 
disease  so  that  the  results  of  such  experiments 
could  be  evaluated  accurately. 

Summary,  Three  transplantable  sublines  of 
WEHI-3B  myelomonocytic  leukemia  in 
BALB/c  mice  were  developed  by  splenic 
(SP),  intraperitoneal  (IP)  and  subcutaneous 
(SQ)  passage.  All  three  sublines  then  were 
compared  for  stability  on  passage,  lethality 
for  mice,  and  major  hematologic  and  histo- 
pathologic effects.  The  time  in  days  until 
death  was  a  linear  function  of  the  logio  dose 
of  viable  cells  injected  for  each  cell  line. 
Evidence  was  provided  that  a  single  cell  of 
the  IP  line  was  lethal  to  mice  and  that  death 
from  all  three  cell  lines  approximated  single 
cell  kill.  All  three  sublines  were  stable  after 
adaptation  by  serial  passage.  Detailed  he- 
matologic and  histopathologic  studies  were 


done  on  mice  that  were  inoculated  iv  and  ip 
with  the  SP  and  IP  sublines.  Changes  typical 
of  myelomonocytic  leukemia  were  observed 
except  that  bone  marrow  invasion  was  mini- 
mal. 
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VIP,  secretin,  glucagon  and  GIP  (Gastric 
Inhibitory  Peptide),  in  this  order,  constitute 
a  series  of  peptides  characterized  by  increas- 
ing structural  homology  with  GIP  (1).  The 
first  pair,  VIP  and  secretin,  exhibit  consider- 
able functional  homology:  they  share  effects 
on  fat  (2),  liver  (3),  exocrine  pancreas  (4),  and 
colonic  mucosa  (5)  which  appear  to  be  me- 
diated by  the  same  set  of  receptor  sites.  Glu- 
cagon and  GIP  share  few  effects  with  VIP 
and  secretin;  even  where  the  effects  are 
shared  they  appear  to  be  mediated  by  sepa- 
rate sets  of  receptor  sites  or  intermediary 
mechanisms  (6,  7).  All  four  peptides  inhibit 
gastric  acid  secretion  (1)  but  have  different 
effects  on  pepsin  secretion;  the  mechanism(s) 
of  inhibition  remain  unknown.  Barbezat  and 
Grossman  (8)  were  first  to  report  that  natural 
porcine  VIP  inhibited  histamine-stimulated 
acid  secretion  in  dog  Heidenhain  pouches. 

In  the  present  study,  we  show  that  synthetic 
porcine  VIP  inhibits  pentagastrin-stimulated 
acid  and  pepsin  secretion  in  the  dog.  The 
inhibition  differs  in  some  respects  from  that 
produced  by  synthetic  porcine  secretin.  Since 
these  results  were  first  reported  (9),  Konturek 
ei  al  (10)  have  shown  that  natural  VIP  in- 
hibits histamine-stimulated  acid  and  pepsin 
secretion  in  the  dog  and  Villar  etal(\i)  have 
shown  that  natural  VIP  inhibits  food-stimu- 
lated acid  as  well  as  gastrin  secretion. 

Materials  and  methods.  Gastric  secretion 
was  measured  in  three  dogs  (15-20  kg  body 
weight)  equipped  with  gastric  fistulae.  Fol- 
lowing an  overnight  fast,  basal  secretion  was 
collected  for  a  period  of  30  min.  Pentagastrin 
was  then  infused  in  a  dose  of  0.25,  1  or  4  /xg 
kg"^  hr"*  for  3  hr.  Sixty  to  seventy-five  min 
after  the  start  of  pentagastrin  infusion,  syn- 
thetic porcine  VIP  (0.5  /xg  kg"^  min"^)  or 

>  Supported  by  NIH  Grant  No.  AM-15564  and  HL- 
14187. 


synthetic  porcine  secretin  (0.05  /xg  kg"^ 
min"^)  was  infused  for  7.5  min.  VIP  was 
given  once  and  secretin  twice  to  each  dog 
with  each  dose  of  pentagastrin.  In  control 
studies,  pentagastrin  was  given  alone  without 
VIP  or  secretin  (nine  experiments). 

The  effect  of  carboxyl-terminal  partial  se- 
quences of  VIP  (VIPuM,  VIPi5.28  and  VIPis- 
28)  was  examined  on  a  background  of  1  /xg 
kg"^  hr"^  of  pentagastrin.  The  three  frag- 
ments were  infused  sequentially  for  7.5  min 
at  45-min  intervals  one  hour  after  the  start  of 
pentagastrin  infusion  (three  experiments). 
The  dose  of  each  was  1.8  /xg  kg~^  min"* 
corresponding  to  about  8  times  the  molar 
dose  of  VIP  used  in  this  study. 

The  effect  of  carboxyl-terminal  partial  se- 
quences of  secretin  was  also  examined  on  a 
background  of  1  /xg  kg~^  hr~*  of  pentagastrin. 
All  secretin  fragments  were  given  once  per 
session  one  hour  after  the  start  of  pentagastrin 
infusion.  Secretin6.27  was  given  twice  to  each 
dog  as  a  prompt  intravenous  injection  of  5 
/xg  kg~^  A  substituted  analogue  of  secretin5.27 
in  which  the  glutamic  acid  in  position  9  is 
substituted  by  glutamine  (9-Gln-secretin&.27) 
was  infused  twice  in  each  dog  in  a  dose  of  0.5 
/xg  kg"^  min"*  for  7.5  min.  Finally,  9-Gln- 
secretin5.27  was  infused  twice  in  each  dog  in 
a  dose  of  0.5  /xg  kg"*  min~*  in  combination 
with  secretin  0.05  /xg  kg"*  min"*  for  7.5  min- 
utes. The  doses  of  secretin  fragments  were 
about  12  times  the  molar  dose  of  secretin 
used  in  this  study. 

Secretion  was  collected  at  15-minute  inter- 
vals throughout  the  experiments.  Acid  con- 
centration was  measured  by  electrometric  ti- 
tration to  pH  7.5  and  pepsin  was  measured 
by  the  method  of  Hunt  (12)  and  expressed  in 
mg  of  pepsin  standard. 

Synthetic  porcine  VIP  and  partial  se- 
quences of  VIP  and  secretin  were  kind  gifts 
of  Dr.  Miklos  Bodanszky,  Department  of 
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Chemistry,  Case  Western  Reserve  University. 
Synthetic  porcine  secretin  was  a  kind  gift  of 
Dr.  Miguel  Ondetti,  Squibb  Institute  for 
Medical  Research,  New  Jersey. 

Results.  Effect  of  synthetic  VIP  and  partial 
sequences  of  VIP,  Infusion  of  synthetic  VIP 
in  a  dose  of  0.5  /xg  kg"^  min"^  for  7.5  minutes 
produced  a  prompt  inhibition  of  acid  secre- 
tion which  reached  a  nadir  in  the  first  30  min 
(Fig.  1).  The  extent  of  inhibition  was  deter- 
mined by  comparing  the  rate  of  acid  secretion 
in  the  30-min  periods  before  and  after  the 
start  of  inftision  of  VIP  (Fig.  2).  Inhibition  at 
the  lowest  dose  of  pentagastrin  (57  ±  7%)  was 
significantly  greater  than  inhibition  at  the 
highest  dose  (23  ±  7%)  (P  <  0.01).  Dose- 
response  analysis  (response  versus 
response/dose)  indicated  that  inhibition  was 
of  the  competitive  type:  the  maximal  acid 
responses  for  the  period  before  (15.6  ±  0.8 
meq/30  min)  and  after  VIP  (13.8  ±  2.2 
meq/30  min)  were  not  significantly  different 
but  the  Dso  for  pentagastrin  increased  twofold 
from  0.47  ±  0.05  to  1.02  ±  0.22  /xg  kg"*  hr"' 
(P  <  0.05)  in  the  presence  of  VIP.  An  appar- 
ent inhibitor  dissociation  constant  for  VIP 
was  calculated  to  be  0.43  /xg  kg~^  min~^ 

VIP  inhibited  also  the  maximal  pepsin  re- 
sponse by  65  ±  10%  (P  <  0.01)  but  it  had  no 
effect  on  the  reversed  pepsin  response  ob- 
served at  higher  doses  of  pentagastrin  (Fig. 

2). 

None  of  the  carboxyl-terminal  partial  se- 
quences of  VIP  had  any  detectable  effect  on 
pentagastrin-stimulated  acid  or  pepsin  secre- 
tion. 


PtNTAljAS^RiN      0  cl  U4  "g  '" 


Fig.  1.  Effect  of  infusion  of  0.5  /ig  kg"*  min"*  of 
synthetic  porcine  VIP  for  7.5  min  on  pentagastrin-stim- 
ulated acid  and  pepsin  secretion  (mean  of  three  experi- 
ments). B  «  basal  secretion. 


B        0  25       I  4         16        32 

PENTAGASTRIN  pg/kg"'  hr"' 

Fig.  2.  Dose-response  curves  for  the  effect  of  pen- 
tagastrin infusion  alone  and  in  combination  with  VIP 
(0.5  /ig  kg"*  min"*  for  7.5  minutes)  on  add  and  pepsin 
secretion.  Each  point  is  the  mean  of  three  experiments. 
The  highest  pepsin  response  was  attained  at  the  lowest 
dose  of  pentagastrin  (0.25  /ig  kg"*  hr~*).  B  -  basal 
response. 

Effect  of  synthetic  secretin  and  partial  se- 
quences of  secretin.  Infusion  of  synthetic  se- 
cretin in  a  dose  of  0.05  fig  kg"^  min"^  also 
produced  a  prompt  inhibition  of  acid  secre- 
tion which  reached  a  nadir  in  the  first  30  min 
(Fig.  3).  Percent  inhibition  was  the  same  at 
all  dose  levels  of  pentagastrin:  66  ±  3%,  60 
±  4%  and  60  ±  8%  at  0.25,  1  and  4  /ig  kg"^ 
hr~^  of  pentagastrin  respectively.  Accord- 
ingly, a  linear  relationship  characteristic  of 
inhibition  of  the  non-competitive  type  pre- 
vailed between  the  responses  before  and  after 
secretin  (Fig.  4).  From  the  slope  in  Fig.  4,  an 
apparent  inhibitor  dissociation  constant  for 
secretin  was  calculated  to  be  0.03  /ig  kg~^ 
min~^ 

Neither  secretin&.27  given  by  prompt  intra- 
venous injection  nor  9-Gln-secretin&.27  given 
by  intravenous  infusion  had  any  detectable 
effect  on  pentagastrin-stimulated  acid  seoe- 
tion  (Fig.  3).  9-Gln-secretin5.27  infused  in  a 
dose  twelve  times  the  dose  of  secretin  failed 
to  block  the  inhibitory  effect  of  secretin. 

Discussion,  VIP  and  secretin  share  a  num- 
ber of  secretory  (10),  metabolic  (13),  motor 
(14)  and  hormone-releasing  (13)  or  inhibiting 
(11)  properties.  These  are  thought  to  reflect 
similarities  in  the  structure  of  the  two  pep- 
tides which  in  turn  determine  binding  to  com- 
mon regulatory  sites  and  activation  of  com- 
mon intracellular  effector  (messenger)  sys- 
tems. Inhibition  of  gastric  acid  secretion  in 
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Fig.  3.  Effect  of  infusion  of  0.05  /ig  kg"*  min"'  of 
synthetic  porcine  secretin  (closed  circles)  or  0.5  /ig  kg~* 
min~*  of  9-Gln-secretin6.27  (open  squares)  for  7.5  min  on 
pentagastrin-stimulated  acid  secretion.  Control  secretion 
(open  circles).  Each  point  is  the  mean  of  six  experiments. 
Responses  expressed  in  percent  of  the  response  imme- 
diately preceding  (i.e.  45-60  min)  the  infusion  (S)  of 
secretin  of  its  analogue. 


E 
O 


3 


Z) 

o 


ACID  OUTPUT  meq/30min 

Fig.  4.  Linear  relation  between  the  response  to  pen- 
tagastrin  alone  (horizontal  axis)  and  the  corresponding 
response  to  pentagastrin  plus  secretin  (vertical  axis). 
Each  point  is  the  mean  of  six  experiments.  A  slope  of  0.4 
indicates  60%  inhibition  at  all  doses  of  pentagastrin. 
Slope  =  1/(1  +  i/Ki)  where  i  =  dose  of  secretin  and  Ki 
»  inhibitor  dissociation  constant. 


the  dog  appears  to  conform  in  some  respects 
to  this  pattern;  however,  several  diflerences 
emerge.  First,  as  shown  here  for  synthetic 
porcine  VIP  and  secretin  and  elsewhere  for 
the  natural  forms  (8,  10,  11),  both  peptides 
inhibit  stimulated  acid  secretion  in  the  inner- 
vated stomach  but  only  VIP  inhibits  hista- 
mine-stimulated  acid  secretion  in  a  dener- 
vated  pouch  (8).  Secondly,  inhibition  of  acid 
secretion  by  VIP  appears  to  be  of  the  com- 
petitive type,  whereas  inhibition  by  secretin 
is  of  the  noncompetitive  type  (IS)  (Fig.  4). 
Thirdly,  inhibition  by  VIP  extends  to  hista- 


mine- and  pentagastrin-stimulated  pepsin  se- 
cretion. 

In  the  present  study,  synthetic  VIP  ap- 
peared to  be  less  effective  than  synthetic  se- 
cretin, at  least  in  terms  of  the  doses  required 
for  an  equivalent  degree  of  inhibition.  The 
difference  is  unlikely  to  be  due  to  an  artefact 
in  the  synthesis  of  either  peptide.  Konturek 
et  al  (10)  found  a  similar  difference  in  po- 
tency between  the  natural  forms  of  VIP  and 
secretin.  Furthermore,  the  inhibitor  dissocia- 
tion constant  for  synthetic  VIP  (0.4  /xg  kg"^ 
min~^)  was  similar  to  that  reported  by  Bar- 
bezat  and  Grossman  (8)  for  natural  VIP. 
Finally,  the  batch  of  synthetic  VIP  used  in 
this  study  was  tested  against  several  target 
tissues  and  found  to  possess  the  spectrum  of 
properties  displayed  by  natural  VIP  (13).  In 
particular,  it  was  shown  to  be  an  effective 
intestinal  secretory  stimulant  in  the  dog  equi- 
potent  in  this  respect  to  natural  porcine  VIP 
(13). 

A  low  potency  in  vivo  precludes  a  role  for 
VIP  as  an  endocrine  inhibitor  of  gastric  acid 
secretion.  The  presence  of  VIP-secreting  cells 
or  nerves  in  the  fundus  and  the  antrum  of  the 
mammalian  stomach  (16,  17)  argues  in  favor 
of  a  paracrine  or  neurocrine  role  for  VIP  in 
the  control  of  gastric  secretion,  either  directly 
by  inhibition  of  gastric  acid  and  pepsin  secre- 
tion or  indirectly  by  inhibition  of  antral  gas- 
trin secretion. 

The  decrease  in  gastric  secretion  which  is 
a  common  feature  of  the  '^vatery  diarrhea" 
syndrome  has  been  attributed  to  high  levels 
of  circulating  VIP  (18,  19).  This  attribution 
remains  to  be  validated  by  simultaneous  im- 
munometric  and  secretory  measurements  and 
by  the  exclusion  of  other  causes,  such  as 
dehydration  and  hypokalemia,  for  the  de- 
crease in  gastric  acid  secretion. 

The  synthetic  partial  sequences  of  VIP  and 
secretin  used  in  this  study  are  known  to  be 
active  on  or  to  retain  binding  to  some  tissues 
such  as  the  exocrine  pancreas  (20)  and  the 
colonic  mucosa  (5)  in  some  species.  However, 
at  the  relatively  small  doses  used,  none 
showed  an  inhibitory  effect  on  gastric  acid 
secretion. 

Summary,  The  effects  of  synthetic  porcine 
VIP  and  secretin  on  pentagastrin-stimulated 
gastric  secretion  were  compared  in  dogs 
equipped  with  gastric  fistulae.  VIP  inhibit^ 
both  acid  and  pepsin  secretion.  Percent  inhi- 
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bition  of  acid  secretion  by  VIP  varied  with 
the  dose  of  pentagastrin:  dose-response  anal- 
ysis showed  inhibition  to  be  of  the  competi- 
tive type.  Percent  inhibition  of  acid  secretion 
by  secretin  did  not  vary  with  the  dose  of 
pentagastrin  and  was  consistent  with  inhibi- 
tion of  the  noncompetitive  type.  Carboxyl- 
terminal  partial  sequences  of  VIP  and  secre- 
tin, at  approximately  10  times  the  molar  doses 
of  the  parent  peptides,  had  no  detectable 
inhibitory  effect. 
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eral  studies  have  shown  that  heparin 
its  the  infectivity  of  many  members  of 
erpesvirus  group.  Inhibition  of  herpes 
ex  virus  (HSV)  infectivity  was  shown  to 
Lse  as  the  concentration  of  heparin  was 
Lsed  (1,  2).  It  was  also  reported  that 
in  sensitivity  can  be  of  value  in  distin- 
ing  HSV-1  from  HSV-2  strains  since 
type  2  strains  were  found  to  be  insensi- 
3  treatment  with  this  drug  (3,  4).  Other 
sviruses  including  pseudorabies  virus, 
ilia  virus  and  human  cytomegalovirus 
were  also  found  to  be  inhibited  by  this 
ally  occurring  biological  compound, 
ring  the  course  of  studies  on  the  devel- 
nt  of  guinea  pig  cytomegalovirus 
!MV)  viremia,  it  was  noted  that  loss  of 
Vf  V  infectivity  occurred  in  the  presence 
parin.  Analyses  of  the  efTect  of  heparin 
e  replication  of  GPCM V,  together  with 
ninary  studies  on  human,  simian  and 
le  CMV  are  included  in  this  report. 
iterials  and  methods.  Virus  stock.  The 
type  guinea  pig  cytomegalovirus 
!MV),  strain  21222,  originally  isolated 
artley  et  al  (7)  was  obtained  from  the 
ican  Type  Culture  Collection.  Guinea 
erpeslike  virus  (GPHLV)  strain  LK40, 
K)lated  in  our  laboratory  (8).  The  human 
strain  AD  169  and  the  green  monkey 
strain  CSG,  were  obtained  from  Dr. 
ice  Rowe,  NIH,  Bethesda,  MD.  The 
I  strain  of  mouse  CMV  was  obtained 
Dr.  John  Booss,  VA  Hospital,  West 
n,CT. 

sue  culture  and  virus  assay.  Primary 
a  pig  embryo  (GPE)  cell  cultures  were 
ired  from  20-  to  40  day-old  embryos  and 
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grown  in  Eagle's  medium  supplemented  with 
10%  calf  serum  as  previously  described  (9). 
Passaged  GPE  cell  cultures  were  used  for 
assaying  the  guinea  pig  virus.  The  human 
WI-38  cell  line  was  used  for  assaying  both 
human  and  monkey  CMV  and  mouse  em- 
bryo fibroblasts  (ME)  were  used  for  mouse 
CMV  assay.  Laboratory  grade  sodium  hepa- 
rin powder  was  purchased  from  Fisher  Sci- 
entific Company.  A  stock  solution  was  pre- 
pared in  0.9%  saline  (1  U  =  10  /ig).  For  virus 
assay,  both  virus  induced  cytopathic  effect 
(CPE)  and  virus  induced  intranuclear  inclu- 
sions in  hematoxylin-eosin  stained  prepara- 
tions were  used  to  determine  end  points. 

Results,  Effect  of  heparin  on  cytomegalovi- 
rus replication.  The  degree  to  which  the  pres- 
ence of  heparin  in  the  culture  medium  af- 
fected replication  of  four  different  CMV 
types  is  summarized  in  Table  I.  Growth  of  all 
of  the  CMV  types  tested  was  inhibited  in  the 
presence  of  a  concentration  of  heparin 
comparable  to  that  used  for  blood  collection. 
The  guinea  pig  and  monkey  CMV  types 
showed  the  greatest  reduction  in  infectivity 
when  subjected  to  this  treatment. 

Comparison  of  inhibitory  effect  of  heparin 
on  GPCMV and  GPHLV,  Two  herpesviruses 
of  guinea  pigs,  GPCMV  and  GPHLV,  were 
tested  in  cell  culture  in  both  the  presence  and 
absence  of  heparin.  Virus  suspensions  con- 
taining 100  TCIDso  were  inoculated  into  cul- 
tures containing  different  concentrations  of 
heparin.  The  results  are  summarized  in  Table 
II.  The  presence  of  as  little  as  0.1  U/ml  of 
heparin  resulted  in  a  tenfold  reduction  in  the 
infectivity  titers  of  GPCMV.  Increased  con- 
centrations of  heparin  resulted  in  increased 
losses  in  infectivity  accompanied  by  a  corre- 
sponding delay  in  appearance  of  CPE,  dem- 
onstrating a  close  relationship  between  the 
virus  concentration  and  the  inhibitory  action 
of  heparin.  However,  complete  inhibition 
could  not  be  obtained  even  with  100  U  of 
heparin.  In  contrast,  virus  infectivity  titers 
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TABLE 


Effect  of  Heparin  on  Replication  of  Selected  Cytomegalovirus  Strains  in  Cell 

Culture. 

Average  virus  infectiv- 
ity  titers  log  TCIDso/ml 

Logrc- 
ductioD 

I.5~ 
3.5 
3.5 
1.5 


Cytomegalovirus 
tested 

Virus  strain 

AD  169 
CSG 
21222 
Smith 

Cell  culture  sys- 
tem 

WI-38- 
WI-38 
GPE* 
ME*^ 

In  heparin    In  abse 
lOOU/ml     ofhepa 

Human 

Green  monkey 
Guinea  pig 
Mouse 

2.0                3.5 
1.5                5.0 
2.0                5.5 
2.0                3.5 

"  WI-38:  Human  fibroblast  cell  strain. 

^  GPE:  Primary  guinea  pig  embryo  fibroblast. 

**  ME:  Primary  mouse  embryo  fibroblast. 

TABLE  II.  Comparison  of  Heparin  Effect  on 
Two  Herpesviruses  of  Guinea  Pigs. 


GPCMV 

GPHLV 

Concen- 
tration 
heparin 
(unit/ml) 

Virus 
titer 

TCIlfso/ 
ml 

Reduc- 
tion 
(log) 

Virus 
titer 

log        Reduc- 
TCID.V)/      tion 
ml          (Iog)_ 

0 

5.5 

— 

4.0            - 

0.1 

4.5 

1.0 

4.5            0 

1.0 

4.5 

1.0 

3.7            0.3 

10.0 

3.5 

2.0 

3.8            0.2 

100.0 

2.0 

3.5 

4.0           0 

were  not  significantly  reduced  when  GPHLV 
was  treated  in  a  similar  manner. 

Effect  of  heparin  before  or  after  virus  ad- 
sorption. In  order  to  understand  the  mecha- 
nism by  which  GPCMV  replication  was  in- 
hibited by  the  heparin,  GPE  cells  on  cover- 
slips  were  treated  with  various  concentrations 
of  heparin  for  1  hr  at  35^  before  inoculation 
of  100  TCIDso  of  virus  (Table  III,  Expt.  A). 
When  cultures  without  heparin  showed  visi- 
ble CPE,  all  inoculated  cultures  were  fixed, 
stained  and  examined  for  the  number  of  in- 
fected versus  noninfected  cells,  expressed  as 
percent  reduction  in  comparison  with  cul- 
tures without  heparin.  Again,  a  reduction  of 
approximately  80%  in  the  number  of 
GPCMV  induced  inclusions  was  observed 
when  1  U  of  heparin  was  added  to  cultures 
before  virus  adsorption  and  reached  nearly 
100%  at  higher  concentrations.  In  experiment 
B,  cultures  were  treated  as  in  experiment  A 
except  that  medium  containing  various  con- 
centrations of  heparin  was  added  to  cultures 
one  hour  after  virus  adsorption.  Inclusion 
formation  was  reduced  by  50%  at  1  U/ml  of 
heparin  and  at  100  U/ml,  a  68%  reduction 
was  obtained.  However,  in  a  separate  exper- 


iment, when  the  adsorption  period  was  ex- 
tended to  3V^  hr  before  addition  of  medium 
containing  heparin,  there  was  no  significant 
difference  in  number  of  GPCMV-induccd 
inclusions  in  cultures  with  or  without  hqnriiL 

Comparison  of  dfferent  blood  anticoagu- 
lants on  the  replication  ofCMV,  The  infectiv- 
ity  titers  of  GPCMV  and  monkey  CMV  when 
grown  in  cell  culture  medium  containing  dif- 
ferent anticoagulants,  were  studied.  GPCMV 
infectivity  was  significantly  reduced  in  the 
presence  of  heparin,  but  no  effect  was  ob- 
served when  Alsever's  solution,  sodium  cit- 
rate solution  (3.8%  in  saline),  or 
ethylene-diamine-tetra  acetic  add  (EDTA) 
were  tested  in  a  similar  manner.  Essentially 
the  same  results  were  obtained  with  the  mon- 
key CMV  strain,  in  that  only  heparin  reduced 
the  infectivity  when  it  was  present  in  the  ceD 
culture  medium. 

Discussion,  Sensitivity  to  heparin,  as  mea- 
sured by  decreased  infectivity,  has  been 
shown  to  be  characteristic  of  a  number  of 
different  viruses  and  in  particular  appean  to 
be  a  property  of  certain  members  of  the  her- 
pesvirus group  (5,  6).  Inhibition  of  virus  rep- 
lication by  heparin  has  been  used  as  a  basis 
for  differentiating  HSV  types  1  and  2,  when 
used  in  conjunction  widi  other  biological 
characteristics  (3, 4).  In  the  present  study,  the 
heparin  sensitivity  of  GPCMV  but  not 
GPHLV,  provides  a  useful  tool  for  differoi- 
tiating  between  these  two  endogenous  her- 
pesviruses of  guinea  pigs,  thus  enabling  an 
investigator  to  inhibit  GPCMV  replication  in 
those  instances  when  a  mixed  infection  with 
both  herpesviruses  was  present  in  the  same 
animal. 

In  addition,  data  was  obtained  confirming 
previously  published  reports  (S),  showing  that 
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TABLE  111.  Effect  of  Heparin  Treatment  Before  or  After  GPCMV  Adsorption." 


Method  of  assay 


Heparin  unit/ml 


No.  of  inclusions 
per  1000  cells 


Percent  reduc- 
tion 


Heparin  added  before  virus  ad- 
sorption 


:ulum  100  TClDso. 


0.1 

1.0 

10.0 

100.0 


981 

560 
201 

0.2 


43 
80 
99.9 
99.9 


Heparin  added  one  hour  after 

0 

406 



virus  adsorption 

0.1 

164 

59.7 

LO 

201 

50.5 

10.0 

142 

65.1 

100.0 

128 

68.5 

ibitory  process  occurred  prior  to  virus 
aent  and  penetration  and  that  the  hep- 
erted  no  influence  on  virus  replication 
nfected  cells  were  exposed  to  the  com- 

irlier  studies  conducted  in  our  labora- 
3n  the  pathogenesis  of  different  her- 
ises  in  experimental  animals,  heparin 
ed  as  an  anticoagulant  for  blood  col- 
in  studies  of  viremia.  No  discernible 
Ity  in  recovering  either  GPHLV  (9)  or 
HLV  (10)  was  observed.  However, 
t>tained  in  the  present  report  indicate 
I  degrees  of  sensitivity  to  heparin  by 
rv  as  well  as  the  monkey,  mouse  and 

CMV  types.  For  this  reason  the  hep- 
nsitivity  of  these  virus  types  should  be 
into  account  when  studies  of  CMV 
I  are  carried  out  in  these  species.  The 
;galoviruses  tested  did  not  appear  to  be 
rt  to  any  of  the  other  conmionly  used 
Lgulants  including  Alsever's  solution, 
I  citrate  and  EDTA.  Furthermore,  the 
ported  here  show  that  the  cytomega- 
es  isolated  from  the  mouse,  guinea  pig 
onkey  should  be  added  to  the  list  of 
igalovirus  types  previously  reported  to 
;itive  to  heparin. 
maiy.  The  presence  of  heparin  in  cell 

medium  was  found  to  reduce  the 


infectivity  titers  of  cytomegaloviruses  isolated 
from  htmian,  monkey,  guinea  pig  and  mouse. 
This  inhibition  was  shown  to  increase  as  the 
heparin  concentration  was  increased.  When 
heparin  was  added  to  cultures  after  virus 
adsorption  had  taken  place,  the  effect  on 
virus  infectivity  was  negUgible.  Other  anti- 
coagulants studied  included  Alsever's  solu- 
tion, sodium  citrate  and  EDTA,  none  of 
which  showed  any  inhibitory  effect  on  cyto- 
megalovirus replication  in  cell  culture. 
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Any  investigator  assumes  a  priori  that  data 
derived  from  studies  utilizing  different  ages 
of  animals  cannot  be  rigorously  compared. 
Several  papers  dealing  with  the  compensa- 
tory response  to  intestinal  resection  have  uti- 
lized animals  of  quite  different  age  and 
weight  and  rarely  has  the  stock  been  the  same 
(see  Table  I).  This  study  was  designed  to  test 
the  premise  that  the  number  of  crypts  per 
small  intestine  varies  with  animal  weight  and 
that  indigenous  crypt  number  will  influence 
some  features  of  the  compensatory  response 
of  the  crypt  and  villus  cell  population  nor- 
mally seen  after  intestinal  resection  (1-3). 

A  reduction  in  the  total  villus  and  crypt 
cell  population  by  surgical  removal  of  a  por- 
tion of  the  intestine  is  soon  followed  by  com- 
pensatory responses,  the  most  prominent 
being  alteration  in  values  for  several  param- 
eters of  mucosal  cell  kinetics  (2,  3). 

The  compensatory  response  to  partial  re- 
section was  assessed  by  the  determination  of 
(a)  proUferative  activity  per  crypt,  (b)  prolif- 
erative activity  per  milligram  of  tissue,  (c)  the 
number  of  crypts  per  milligram  of  tissue,  and 
(d)  the  amount  of  tritiated  thymidine 
(^HTdR)  incorporated  per  epitheUal  cell  nu- 
cleus. The  values  obtained  from  the  above 
measurements  were  compared  with  values 
obtained  from  control  animals  and  those  with 
varying  degrees  of  intestinal  resection. 

Materials  and  Methods,  Male  juvenile  (70 
±  10  g)  and  adult  (350  ±  30  g)  rats  of  the 
Holtzman  and  Sprague  Dawley  stocks  were 
used.  Two  stocks  of  animals  were  used  be- 
cause not  enough  animals  of  one  stock  could 
be  obtained  at  the  time  of  the  experiment. 

The  animals  underwent  transection,  resec- 
tion of  the  small  intestine,  or  a  simple  lapa- 
rotomy. The  procedures  were  the  same  as 
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described  elsewhere  (2).  The  mid-portion  of 
the  combined  ileum  and  jejunum  was  tran- 
sected or  resected  as  noted  below  and  in 
Table  II. 

Four  groups,  i.e.,  adults  and  juveniles  of 
both  stocks,  were  studied.  In  each  of  the  four 
groups,  5^  of  resection  were  performed  (0, 10, 
SO,  or  80%  resection  or  simple  transection) 
with  five  animals  per  category. 

The  animals  were  housed  in  a  room  with 
constant  temperature  and  a  12-hr  light-dark 
cycle  in  wire  bottom  cages  in  groups  of  6-8. 
For  the  first  24  hr  postoperative,  the  animals 
were  allowed  5%  sucrose.  Ten  grams  of  lab- 
oratory chow  per  animal  were  allowed  during 
the  second  24-hr  postoperative  period.  Lab- 
oratory chow  and  tap  water  ad  libitum  were 
available  beginning  the  third  postoperative 
day. 

Fourteen  days  after  a  surgical  procedure, 
[which  is  2  days  after  the  compensatory  re- 
sponse reaches  a  plateau  (1)],  the  animals 
were  injected  via  the  femoral  vein  with 
^HTdR,  6.0  Ci/mA/,  1  /iCi  per  g  of  body 
weight.  One  hr  after  ^HTdR  injection  two  1 
cm  pieces  of  ileum  were  removed  from  an 
area  S  cm  proximal  to  the  ileocecal  junction, 
fixed  in  Camoy's  solution  for  24  hr,  then 
stored  in  70%  ethyl  alcohol. 

Tissue  was  hydrolyzed  in  1  N  HCl  and 
stained  with  the  Feulgen  reaction.  Fifty 
crypts  were  isolated  by  microdissection  in 
tripUcate,  placed  in  a  counting  vial  to  which 
a  liquid  scintillation  mixture  of  toluene,  PPO 
(5  ^Uter)  and  DMPOPOP  (0.3  g/liter)  was 
added  (1).  After  being  dark  adapted  for  12 
hr,  the  vials  were  counted  to  10,000  counts  in 
a  Beckman  liquid  scintillation  spectrometer, 
and  dpm  obtained  by  entering  the  data  into 
the  "CBLIQUID"  computer  program  (CBLI- 
QUID  program  obtained  from  C.  Bischof 
and  F.  Kirchner,  Radiation  Research  Labo- 
ratory, University  of  Iowa,  Iowa  City,  lA) 
which  calculated  dpm  from  cpm  and  external 
standard  channels  ratio  data. 

Since  one  purpose  of  this  investigation  was 
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E  I.  Characteristics  of  Laboratory  Rats  Used  by  Representative  Investigators  in  the 
Study  of  Intestinal  Epithelial  Cell  Kinetics. 

Interval  between  re- 
stock Sex  Original  weight      section  and  sampling 


nvestigator 


Crocker  (5) 

ft  Booth  (3) 

) 

i  Osborne  (2) 

) 
10) 


Sprague-Dawley 

Wistar-Firth 

Albino  Wistar 

Holtzman 

Holtzman 

Glaxo-Wistar 


Male 

Female 

Male 

Male 

Male 

Male 


300-350  g 
150-220  g 
143-183  g 
250-300  g 
"adult" 
250  g 


2  months 
6  months 
No  resection 
2  months 
No  resection 
2  months 


[I.  Comparison  of  Parameters  Measured  for  Significant  Influences  of  Age,  Stock  of  Rat, 
AND  Percentage  of  Intestine  Resected." 

Influences 


Stock 

(Sprague-Dawley 

vs  Holtzman) 

>0.500 

Age 
(70  g  vs  250 

<0.001 

Percent  resection 

leters 
ired 

g) 

T 

>0.500 

10                  50 

80 

pt 

<0.500           <0.100 

<0.050 

<0.500 

<0.00l 

>0.500 

>0.500            >0.500 

<0.500 

« 

<0.100 

>0.030 

>0.500 

>0.500            <0.100 

<0.010 

»t 

<0.300 

<0.400 

<0.200 

<0.200            <0.020 

<0.050 

<0.500 

<0.00l 

<0.400 

<0.200            >0.500 

>0.500 

itries  are  probabilities  of  means  being  equal. 


rmine  whether  dpm/labeled  nucleus 
/as  constant  throughout  the  various 
I  treatment  groups,  individual  Feulgen 
crypts  were  "squashed*'  to  spread  the 
a  monolayer,  dipped  in  Kodak  NTB 
'  track  emulsion,  and  exposed  for  a 
of  7  days.  The  slides  were  then  devel- 
id  10  crypts  per  animal  scored  for  the 
r  of  labeled  cell  nuclei.  The  values  for 
■ypt  were  then  divided  by  the  values 
^/crypt  to  obtain  the  values  of 
N.  If  the  values  of  dpm/LN  were 
Lt,  the  dpm  per  piece  of  tissue  was 
ional  to  the  number  of  proliferative 
the  piece  of  tissue. 

-  24  hr  in  fixative,  a  small  piece  of 
approx.  30  mg)  was  removed,  dried, 
d,  and  solubiUzed  in  O.S  cc  Soluene 
rd  Instrument  Co.,  Downers  Grove, 
len  IS  cc  of  the  liquid  scintillation 
ig  mixture  was  added,  the  samples  as- 
br  radioactivity  as  noted  above,  and 
a  converted  to  dpm/mg. 
es  of  dpm/mg  tissue  were  divided  by 
ues  for  dpm/crypt  (utilizing  compa- 
ssue)  to  yield  crypts/mg  values, 
lard  error  of  the  means  were  calcu- 
»r  all  data,  and  an  Analysis  of  Variance 
» test  for  differences  within  treatment 
and  between  treatment  means. 
Its.  After  appropriate  statistical  com- 


parisons of  the  data  for  the  variables  exam- 
ined, no  significant  differences  (P  >  0.05) 
due  to  rat  stock  were  seen  in  the  response  of 
the  crypt  epithelium  to  resection  (see  Table 
II  and  Figs.  1-4). 

The  values  of  dpm/crypt,  crypts/mg,  and 
LN/crypt  were  increased  significantly  (P  < 
0.05)  in  the  80%  resected  group  (Table  II  and 
Figs.  1,  3  and  4). 

Age  was  also  a  factor  which  influenced 
some  of  the  parameters.  The  values  for 
dpm/crypt,  dpm/mg,  crypts/mg,  and 
dpm/LN  were  consistently  higher  for  the  ju- 
veniles of  both  stocks  (Figs.  1,  2,  3,  and  5). 

Discussion,  Holtzman  rats  were  used  in  this 
study  because  the  response  of  this  stock  to 
the  stimulus  of  intestinal  resection  is  marked 
and  has  been  well  documented  in  this  labo- 
ratory (1,  2).  The  Sprague-Dawley  rat  was 
chosen  because  it  was  the  only  other  stock  in 
which  enough  large  animals  could  be  ob- 
tained in  a  reasonable  length  of  time.  Since 
supply  was  a  problem,  it  was  fortunate  that 
the  cell  kinetics  from  both  stocks  were  the 
same. 

No  differences  were  noted  in  response  to 
resection  which  could  be  attributed  to  the 
stocks  of  rats  used  (Table  II  and  Figs.  1-4). 
This  is  not  surprising  when  one  considers  that 
the  Holtzman  stock  originally  derived  from 
the  Sprague-Dawley  stock  some  ^eax^  ^^. 
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Fig.  1.  The  influence  of  percentage  of  intestine  re- 
sected on  the  proliferative  activity  per  crypt. 
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Fig.  2.  The  influence  of  percentage  of  intestine  re- 
sected on  the  proliferative  activity  per  milligram  of  tissue. 
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Fig.  3.  The  influence  of  the  percentage  of  intestine 
resected  on  the  number  of  crypts  per  milligram  of  tissue. 

As  shown  in  Fig.  4,  dpm/labeled  nucleus 
increased  with  animal  age.  This  finding  is 
very  important  since  an  experimenter  using 
animals  of  different  ages  in  studies  involving 
the  uptake  of  labeled  thymidine,  should  take 
into  account  that  cells  synthesizing  DNA  do 
not  incorporate  the  labeled  precursor  inde- 
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Fig.  4.  The  influence  of  the  percentage  of  intestine 
resected  on  the  number  of  labeled  nudei  per  ciypt 
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Fig.  S.  The  influence  ofanimal  weight  on  the  uptake 
of  labeled  DNA  precursor  per  labeled  nucleus. 


pendent  of  age.  It  should  also  be  noted  from 
Table  II  that  the  degree  of  resection  had  no 
significant  (P  <  O.OS)  effect  on  the  uptake  of  j 
^HTdR  per  labeled  cell  nucleus.  This  is  in 
agreement  with  the  literature  (1,  2). 

Table  II  also  shows  that  LN/crypt  do  not 
change  with  age,  while  dpm/crypt,  dpm/mg, 
and  crypts/mg  do  change.  Therefore  there 
must  have  been  an  increase  in  the  uptake  of 
^HTdR  per  intestinal  epithelial  cell  nucleus 
in  the  older  rats,  in  agreement  with  our  find- 
ings of  increased  dpm/labeled  nucleus  with 
age. 

Since  there  is  no  increase  in  chromosome 
material  per  nucleus  with  age,  one  possible 
explanation  of  the  observed  increase  in  up- 
take of  ^HTdR  by  the  intestinal  epithelial 
cells  of  adults  is  that  there  is  more  ^HTdR 
available  per  cell  nucleus  due  to  fewer  cells 
synthesizing  DNA,  i.e.,  the  juvenile  animals 
were  in  a  period  of  rapid  growth  in  which 
most  tissues  of  the  body  were  proliferating  at 
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er  rate  than  the  adults  and  thus  had 
ells  capable  of  incorporating  the  DN  A 
sor.  Since  the  ^HTdR  was  given  on  a 
am  of  body  weight  basis,  the  adults 
Give  received  a  larger  percentage  of  the 
precursor  on  a  per  cell  basis, 
results  of  the  present  study  agree  with 
of  Hanson,  Osborne,  and  Sharp  (1), 
und  that  the  magnitude  of  the  response 
dion  was  dependent  upon  the  percent- 
intestine  removed,  with  no  significantly 
nt  response  from  normal  noted  when 
Bin  40%  of  the  combined  length  of  the 
Bind  jejunum  was  removed,  and  with  a 
section  causing  a  maximum  response, 
ivenile  rats  showed  a  greater  percent 
«  in  the  dpm/crypt  than  did  the  cor- 
ding adult  members  indicating  a 
percentage  of  the  juvenile  crypt  nuclei 
the  S  phase  of  the  ceU  cycle, 
ke  (4)  noted  that  while  the  number  of 
in  the  rat  small  intestine  increases  with 
le  number  of  villi  remains  the  same, 
he  villi  themselves  become  larger.  This 
i  that  the  absolute  numbers  of  crypts 
«  with  age  to  meet  the  demands  of  the 
ng  villi  for  cells.  This,  added  to  an 
;ed  functional  demand  per  unit  area 
by  massive  resection  increases  the  pro- 
ve rate  even  higher,  as  was  seen  in  the 
lercent  change  in  the  juveniles  of  the 
x:ks.  The  adults,  which  have  reached 
where  the  crypt/villus  ratio  has  essen- 
;tabilized  (4),  showed  a  smaller  per- 
s  increase  (Fig.  1). 

e  there  was  a  marked  increase  in  the 
rypt  values  for  the  juveniles  of  both 
and  Hanson  etal.  (\)  have  shown  that 
s  a  thickening  of  all  intestinal  wall 
nents  after  resection,  with  the  degree 
kening  increasing  as  the  amount  of 
removed  is  increased,  the  fact  that 
ig  of  intestine  did  not  rise  in  the  juve- 


nile age  group  is  reasonable.  This  also  ex- 
plains why  the  values  of  dpm/mg  of  intestine 
fall  in  the  adult  age  groups  of  both  stocks  of 
animals;  the  dpm/crypt  was  not  rising  in  the 
adults  as  rapidly  as  it  had  in  the  juveniles  and 
the  thickening  of  the  intestinal  wall  compo- 
nents increased  at  a  greater  rate,  thus  reduc- 
ing the  value  of  dpm/mg. 

The  values  for  crypts/mg  were  obtained  by 
dividing  dpm/mg  by  dpm/crypt.  Again,  on 
the  assumption  that  all  intestinal  wall  com- 
ponents increased  in  proportion  to  the  degree 
of  resection,  it  was  reasonable  for  the  values 
of  crypts/mg  to  decrease  as  the  percentage  of 
intestine  resected  increased.  In  the  juveniles 
of  both  rat  stocks,  the  values  for  crypts/mg 
probably  were  consistently  higher  in  young 
rats  (which  initially  have  smaller  small  intes- 
tines than  the  adults)  than  in  their  adult 
counterparts  because  the  ability  of  their  in- 
testinal mass  to  increase  was  greater  than  the 
rate  of  increase  of  the  crypts. 

The  larger  percent  decrease  in  the  level  of 
crypts/mg  in  the  juvenile  groups  seems  to  be 
due  to  the  larger  increase  in  thickening  of  the 
intestinal  wall  components. 

The  authors  wish  to  thank  Dan  Pavlovich,  Donna 
Van  Roekel,  Julia  Molony  Bybee,  and  JoAnn  Peiffer  for 
the  excellent  assistance. 
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The  ability  of  the  catecholamines  to  affect 
prolactin  (Prl)  release  from  the  anterior  pi- 
tuitary (AP),  both  in  vitro  and  in  vivo,  has 
been  studied.  Shaar  and  Clemens  (1)  dem- 
onstrated that  norepinephrine  (NE)  and  do- 
pamine (DA),  when  administered  in  vitro  in 
amounts  not  greater  than  that  found  in  the 
hypothalamus,  inhibited  Prl  release.  This  sug- 
gests a  direct  effect  of  these  amines  on  the 
AP.  This  confirmed  earlier  in  vitro  work  (2, 
3),  which  indicated  that  several  concentra- 
tions (10"^  M-W^  M)  of  the  catecholamines 
could  inhibit  Prl  release.  Kamberi  et  ai  (4), 
using  an  in  vivo  system,  concluded  that  nei- 
ther DA  nor  NE  affected  Prl  release  by  a 
direct  action  on  the  AP.  They  suggested  that 
the  effects  of  the  catecholamines  on  Prl 
release  were  mediated  through  the  hypotha- 
lamic-hypophyseal complex,  with  DA  being 
more  effective  than  NE  in  reducing  plasma 
Prl.  In  direct  contrast  to  this,  Takahara  et  al. 
(5)  demonstrated  a  lowering  of  plasma  Prl 
following  injection  of  NE  or  DA  into  the 
hypophysial  portal  system,  indicating  a  direct 
effect  of  these  amines  on  the  AP.  Blake  (6) 
further  demonstrated  that  DA,  when  infused 
intravenously,  could  significantly  lower  basal 
plasma  Prl  levels  and  block  the  spontaneous 
surge  of  Prl  in  plasma  seen  during  proestrus. 
He  could  not  conclude,  however,  whether  the 
inhibitory  effects  of  DA  were  directly  on  the 
AP  or  mediated  through  the  median  emi- 
nence of  the  hypothalamus. 

Serotonin  (S-HT),  on  the  other  hand,  is 
increasingly  implicated  as  a  stimulator  of  Prl 
release.  Lawson  and  Gala  (7)  demonstrated 
an  increase  in  Prl  release  following  systemic 
administration  of  S-HT  in  ovariectomized, 
estrogen  treated  rats.  S-HT,  injected  into  the 
third  ventricle,  also  has  been  shown  to  stim- 
ulate Prl  release  (8).  Parachlorophenylala- 
nine,  a  drug  used  to  chronically  block  S-HT 
synthesis,  inhibited  the  suckling  induced  rise 
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in  plasma  prolactin  (9).  This  drug  also  was 
found  to  decrease  serum  Prl  levels  in  estrogen 
primed,  ovariectomized  rats  (10).  MacLeod, 
using  an  in  vitro  system,  has  shown  no  direct 
effect  of  5-HT  on  Prl  secretion  from  the  AP 
(11). 

The  present  experiments  were  designed  to 
investigate  further  if  amines  have  a  direct 
effect  on  the  AP  secretion  of  Prl.  Experiments 
utilized  the  ovariectomized  rat  with  intact 
pituitary  and  an  additional  AP  transplanted 
under  the  kidney  capsule. 

Materials  and  methods.  Female, 
Sprague-Dawley  rats  (Laboratory  Supply, 
Indianapolis,  IN)  were  housed  in  a  tempera- 
ture (2S  ±  2^)  controlled  room  with  lights  oq 
from  OSOO  to  1700  hr.  Rats  were  given  free 
access  to  rat  chow  and  water.  All  rats  were 
bilaterally  ovariectomized.  One  week  follow- 
ing ovariectomy,  donor  rats  were  killed  by 
decapitation,  the  anterior  lobe  was  separated 
from  the  posterior  lobe  and  immediately 
transplanted  under  the  right  kidney  capsule 
of  the  host  rats  (1  AP/rat).  One  week  follow- 
ing pituitary  transplantation,  an  indwelling 
aortic  cannula  was  inserted  via  the  right  ca- 
rotid artery  under  ether  anesthesia  using  the 
method  of  Gay  et  al  (12).  This  cannula  was 
then  used  for  both  the  infusion  of  biogenic 
amines  as  well  as  for  blood  sampling  the  next 
day  in  awake  and  unrestrained  rats. 

The  following  compounds  were  utilized  for 
infusions:  L-norepinephrine  bitartrate  (tot 
number  S 10-1940)  and  dopamine  HCl  (tot 
number  930-1370)  from  Sigma  Chemical,  St 
Louis,  MO,  and  serotonin  creatinine  sulfate 
complex  hydrate  (lot  number  901 192)  from 
Calbiochem  Inc.,  Los  Angeles,  CA.  Each 
amine  was  dissolved  in  a  phosphate  buffered 
saline  (PBS)-ascorbic  add  solution  (0.02% 
ascorbic  add).  The  concentration  of  the  bio- 
genic amines  in  solution  was  1  /ig  per  10  /d 
PBS-ascorbic  add  adjusted  to  a  finial  pH  of 
5.S  with  0.1  N  HCL  This  PBS-ascortnc  add 
solution,  devoid  of  any  biogenic  amines,  was 
utilized  as  a  control  solution  at  pH  S.S,  All 
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solutions  were  prepared  fresh  immediately 
before  use  and  were  kept  on  ice  throughout 
the  infusion  procedure.  In  addition,  all  solu- 
tions were  used  only  once;  fresh  solutions 
were  made  for  each  infusion. 

Infusions  were  carried  out  with  the  aid  of 
an  LKB  peristaltic  pump  (LKB-Produkter, 
Bromma,  Sweden).  The  rate  of  infusion  was 
kept  constant  at  10  /il  per  min  throughout  the 
experiment  except  for  20-30  sec  interruptions 
when  blood  was  withdrawn.  A  preinfusion 
blood  sample  was  taken  to  establish  basal  Prl 
levels  and  the  infusion  was  then  begun.  Sam- 
ples were  Uken  at  5,  10,  20,  30, 40,  50  and  60 
min  following  the  commencement  of  infu- 
sion. The  infusion  was  terminated  at  60  min 
and  a  final  blood  sample  was  taken  60  min 
later. 

The  Prl  concentration  of  all  blood  samples 
was  determined  via  a  double  antibody  ra- 
dioimmunoassay for  rat  prolactin  (13).  Puri- 
fied rat  Prl  from  NIAMDD  was  used  for 
iodination  and  NIAMDD-RP-1  was  used  as 
a  reference  standard.  Antibodies  against  rat 
prolactin  were  obtained  from  J.  D.  Neill 
(Emory  University).  A  two-way  analysis  of 
variance  and  Dunnett's  /  test  were  used  to 
compare  plasma  Prl  levels  between  control 


and  amine  infused  groups,  as  well  as  between 
the  preinfusion  sample  and  the  postinfusion 
samples  within  each  group. 

Results,  The  results  of  this  study  are  shown 
in  Table  I.  The  PBS  infused  homografted 
group  showed  a  significantly  higher  basal 
plasma  Prl  level  than  the  PBS  infused  group 
without  any  AP  transplants.  Assuming  the 
half  life  is  the  same  for  Prl  secreted  from  each 
pituitary  site,  at  least  85%  of  plasma  Prl  may 
be  due  to  the  AP  transplant.  Infusions  of  both 
NE  and  5-HT  had  no  significant  effect  on  Prl 
secretion  when  compared  both  to  the  PBS 
infused  homografted  group  and  to  the  prein- 
fusion level  within  each  respective  group. 
Dopamine,  however,  was  able  to  suppress  Prl 
release  by  5'  of  infusion,  and  this  decreased 
plasma  Prl  level  was  significant  by  20^  when 
compared  to  the  preioiusion  levels.  When 
compared  to  the  PBS  infused,  homografted 
controls,  plasma  Prl  levels  were  significantly 
suppressed  after  5'  of  infusion.  By  40'  of  DA 
infusion,  plasma  Prl  levels  were  at  their  min- 
imum, and  remained  basal  until  the  infusion 
was  stopped.  This  plasma  Prl  level  was  not 
significantly  different  from  the  levels  seen  in 
the  PBS  infused  animals  without  pituitary 
transplants.  After  1  hr  following  the  cessation 


TABLE  I.  Effect  of  Infusion  of  DA,  NE,  and  5-HT  on  Plasma  PRL  Levels  in  Ovariectomized-AP 

Transplanted  Rats. 


Prolactin  (ng/i 

nl)* 

40' 

9.1 
±1.4 

50' 

10.9 
±4.1 

Treatment 

Pre' 

5' 

10' 

7.4 
±1.5 

20' 

12.9 
±4.0 

30' 

7.8 
±1.1 

60' 

7.8 
±0.1 

120' 

OVX 

No  Transplant 
PBS  (5)« 

16.5 

±9.2 

13.1 
±5.9 

9.4 
±0.5 

OVX 

AP  Transplant 
PBS  (9) 

93.3 
±11.7 

94.1 
±11.1 

85.2 
±9.5 

94.8 
±9.1 

80.4 
±7.9 

90.2 
±8.5 

84.6 
±6.4 

82.2 
±6.2 

94.9 
±6.8 

OVX 

AP  Transplant 
DA  (7) 

78.3 
±13.7 

56.2 
±12.9^ 

43.9 
±13.9^ 

31.1 
±8.9^- 

23.9 
±7.9^' 

20.2 
±4.6''' • 

20.6 
±4.6''' 

19.8 
±4.5''- • 

97.8 
±26.2 

OVX 

AP  Transplant 
NE(7) 

83.0 
±17.9 

81.0 
±20.0 

81.3 
±21.3 

65.0 
±14.5 

67.7 
±17.5 

88.8 
±24.7 

79.2 
±20.4 

98.2 
±28.0 

96.4 
±26.8 

OVX 

AP  Transplant 

5-HT  (8) 

82.6 
±12.4 

79.6 
±9.6 

81.1 
±11.9 

83.3 
±11.2 

80.4 
±8.6 

85.8 
±10.4 

77.4 
±8.7 

86.3 
±12.4 

75.0 
±8.2 

"  Number  of  rats  per  group. 

*  Mean  ±  SE  of  the  mean. 

'  All  infusions  began  after  the  first  sample  was  obtained  and  ended  at  60'. 

**  Significantly  different  from  PBS  infused,  homografted  controls  (P  <  0.05). 

'  Significantly  different  from  preinfusion  levels  {P<  0.05). 
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of  DA  infusion,  plasma  Prl  levels  returned  to 
their  preinfiision  level. 

Discussion,  Isolated  AP  homografts,  placed 
under  the  kidney  capsule,  are  known  to  se- 
crete tonically  large  amounts  of  Prl,  presum- 
ably due  to  the  removal  of  the  inhibitory 
influence  of  the  hypothalamus  (14).  This 
source  of  Prl  accounts  for  the  large  difference 
in  plasma  Prl  seen  between  the  PBS  infused 
homografted  group  and  the  PBS  infused  non- 
transplanted  group.  The  suppression  of 
plasma  Prl  levels  seen  during  DA  infusion 
indicate  the  ability  of  DA  to  directly  suppress 
Prl  release  from  an  AP  graft,  in  vivo.  This 
effect  was  pronounced  and  had  a  rapid  onset. 
It  had  been  previously  shown  that  systemic 
intravenous  infusions  of  DA  could  depress 
basal  plasma  Prl  levels  in  the  intact,  cyclic  rat 
(6).  While  it  is  likely  that  some  of  the  sup- 
pression of  Prl  release  observed  in  our  work 
may  be  occurring  in  the  intact  pituitary,  the 
amount  of  suppression  seen  certainly  dem- 
onstrates an  inhibitory  effect  of  DA  directly 
on  the  isolated  pituitary  graft.  If  Prl  secretion 
from  the  intact  pituitary  were  to  completely 
cease  and  no  suppression  of  Prl  release  from 
the  AP  graft  occurred,  the  resultant  decrease 
in  plasma  Prl  levels  would  be  expected  to  be 
far  less  than  that  observed.  It  has  been  shown 
that  rats  previously  hypophysectomized  have 
detectable  plasma  PIF  levels  whereas  intact 
controls  do  not  (IS).  An  intact  hypotha- 
lamic-pituitary  axis  was  present  in  our 
model,  preventing  the  release  of  detectable 
amounts  of  PIF  into  the  systemic  blood.  In- 
jections of  L-dihydroxyphenylalanine  (l- 
Dopa)  have  been  shown  to  increase  Prl 
release  inhibiting  activity  of  systemic  blood 
in  hypophysectomized  rats,  presumably 
through  stimulation  of  hypothalamic  PIF 
(16).  The  use  of  DA  rather  than  L-Dopa  in 
our  studies,  however,  precludes  the  large  scale 
movement  of  this  amine  into  the  hypothala- 
mus. These  results  demonstrate  the  ability  of 
DA  to  directly  and  dramatically  suppress  Prl 
secretion  from  the  anterior  pituitary,  in  vivo, 
and  are  consistent  with  the  view  that  DA  may 
be  PIF.  However,  this  study  does  not  elimi- 
nate the  possibility  that  DA  normally  acts  by 
stimulating  release  of  another  kind  of  PIF 
from  the  hypothalamus.  These  results  also 
provide  an  animal  model  which  is  useful  for 
studying  agents  which  have  a  direct  action  at 
the  AP  on  Prl  secretion. 


Norepinephrine  at  a  dosage  of  1  /ig  per 
min  appeared  to  exert  no  effect  on  Prl  rdease 
from  either  the  pituitary  graft  or  the  intact 
pituitary.  Higher  doses  were  not  used  because 
of  possible  systemic  effects  of  the  NE.  This 
seems  consistent  with  the  findings  of  Blake 
(6),  who  suggested  that  the  partial  suppres- 
sion of  the  Pil  surge  on  the  afternoon  of 
proestrus  in  the  intact  rat  seen  after  two  houn 
of  systemic  infusions  of  NE  was  a  nonspecific 
effect.  Serotonin  also  appeared  to  exert  no 
effect  on  either  pituitary.  These  findings  are 
in  agreement  with  the  in  vitro  work  of 
MacLeod,  who  found  no  direct  effect  of  5- 
HT  on  an  isolated  anterior  pituitary  (11). 
This  does  not  refute  the  findings  of  those  who 
observed  an  increase  in  Prl  release  foUowing 
systemic  injection  of  5-HT  (7),  since  5-HT 
was  administered  in  that  study  to  estrogoi- 
treated  ovariectomized  rats  as  a  massive  bolus 
injection.  No  steroids  were  administered  in 
the  present  study. 

Summary,  Chionically  ovariectomized  rats 
with  intact  pituitary  glands  were  implanted 
with  anterior  pituitary  homografts  under  the 
kidney  capsule.  Rats  which  received  a  trans- 
planted anterior  pituitary  exhibited  signifi- 
cantly higher  basied  plasma  prolactin  levels 
than  rats  receiving  no  transplants.  Rats  re- 
ceived systemic  inAisions  of  norepinephrine, 
dopamine,  and  serotonin.  Only  dopamine 
was  capable  of  significantly  suppressing  pro- 
lactin secretion  from  the  pituitary  homograft 
Norepinephrine  and  serotonin  had  no  effect 
on  plasma  prolactin  levels.  These  results  dem- 
onstrate the  direct  effect  of  dopamine  on 
prolactin  release  by  the  anterior  pituitary  and 
are  consistent  with  the  view  that  dopamine 
may  be  PIF. 

1.  Shaar,  C.  J.,  and  Clemens,  J.  A.,  Endocrinology  9S, 
1202(1974). 

2.  MacLeod,  R.  M.,  Endocrinology  85,  916  (1%9). 

3.  Birge,  C.  A.,  Jacobs,  L.  S.,  Hammer,  C.  T.,  lod 
Daughaday,  W.  H.,  Endocrinology  M,  120  (1970). 

4.  Kamberi,  I.  A.,  Mical,  R.  S.,  and  Porter,  J.  C. 
Endocrinology  88, 1012  (1971). 

5.  Takahara,  J.,  Arimura,  A.,  and  Sclially,  A.  V.,  Fed. 
Proc.33,237(1974). 

6.  Blake,  C.  A.,  Endocrinology  98, 99  (1976). 

7.  Lawson,  D.  M.,  and  Gala,  R.  R.,  Endocrinology  9^ 
313(1975). 

8.  Kamberi,  I.  A.,  Mical,  R.  S.,  and  Porter,  J.  C 
Endocrinology  88, 1288  (1971). 

9.  Kordon,  C,  Blake,  C.  A.,  TerkeU  J.,  and  Sawyer.  C 


DA,  NE,   5-HT,   AND  PROLACTIN 
H.,  Neuroendocrinology  11, 213  (1973). 


579 


0.  Chen,  H.  J.,  and  Meites,  J.,  Endocrinology  96,  10 
(1975). 

1.  MacLeod,  R.  M.,  Abstracts  of  the  59th  Meeting  of 
the  Endocrine  Society,  p.  226  (1977). 

2.  Gay,  V.  L.,  Rebar,  R.  W.,  and  Midgley,  A.  R.,  Proc 
Sec  Exp.  Biol.  Med.  130,  1344  (1969). 

i3.  Niswender,  G.  D.,  Chen,  C.  L.,  Midgley,  A.  R., 
Meites,  J.,  and  EUis,  S.,  Proc.  Soc.  Exp.  Biol.  Med. 
130,793(1969). 


14.  Chen,  C.  L.,  Amenomori,  Y.,  Lu,  K.  H.,  Voogt,  J. 
L.,  and  Meites,  J.,  Neuroendocrinology  6, 220  (1970). 

15.  Meites,  J.,  NicoU,  C.  S.,  and  Talwalker,  P.  K.,  in 
** Advances  in  Neuroendocrinology**  (A.  V.  Nalban- 
dov,  ed.),  p.  254.  University  of  Illinois  Press,  Urbana, 
imnois(1963). 

16.  Lu,  K.  H.,  and  Meites,  J.,  Endocrinology  91,  868 
(1972). 

Received  July  29,  1977.  P.S.E.B.M.  1978,  Vol.  157. 


PROCCBOINOS  OF  THE  lOClETY  FOA  EXFBIIIMEKTAL  MOLOOY  AND  MEDICINE  IS7,  S80-S83  (1978) 


Protective  Action  of  Methylprednisolone  on  the  isolated  Perfused  Rat  Heart  Following 

Severe  Hypoxia'^  (40101) 

RONALD  W.  BUSUTTIL^  and  WILLIAM  J.  GEORGE 

Department  of  Pharmacology,  Tulane  University  School  of  Medicine,  New  Orleans,  Louisiana  701 12 


In  1953,  Johnson  and  coworkers  (1)  sug- 
gested that  cortisone  treatment  limited  the 
extent  of  myocardial  damage  after  myocar- 
dial infarction.  In  their  study  these  investi- 
gators found  that  low  doses  of  cortisone  di- 
minished the  size  of  experimental  myocardial 
infarction.  Since  this  early  report,  there  have 
been  conflicting  reports  regarding  the  efficacy 
of  corticosteroids  in  attenuating  the  deleter- 
ious effects  of  myocardial  ischemia  (2).  More 
recent  studies  (3, 4)  have  indicated  that  treat- 
ment of  animals  with  steroids  can  limit  the 
size  of  a  myocardial  infarction  induced  by 
experimental  coronary  occlusion.  Ehbid  et  al, 
found  that  large  doses  of  hydrocortisone 
given  intravenously  caused  regression  of  ab- 
normal S-T  segment  elevations  of  the  electro- 
cardiogram both  in  experimental  myocardial 
infarction  in  dogs  and  in  recent  myocardial 
infarction  in  humans  (S).  More  recently 
Libby  et  al,  (3,  7)  have  studied  the  effect  of 
large  doses  of  hydrocortisone  on  the  size  of 
experimental  myocardial  infarction.  By  sep- 
arate measurements  of  electrocardiographic, 
enzymatic  and  histologic  criteria,  these  inves- 
tigators found  that  corticosteroids  decreased 
myocardial  ischemic  injury.  Furthermore,  it 
was  also  found  that  pharmacologic  doses  of 
hydrocortisone  helped  prevent  subsequent 
necrosis  even  when  given  as  late  as  6  hr  after 
the  experimental  coronary  artery  occlusion. 
These  studies,  although  determining  myocar- 
dial injury  by  monitoring  cardiac  enzyme 
activity  and  electrocardiographic  changes 
which  occur  after  a  completed  infarction, 
have  not  addressed  themselves  to  evaluating 
the  potential  benefit  of  corticosteroids  in  en- 
hancing the  functional  performance  of  the 
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heart  after  an  hypoxic  or  ischemic  insult 
However,  BusuttU  and  coworkers,  using  an 
intact  canine  preparation,  demonstrated  that 
hearts  of  methylprednisolone  pretreated  dogs 
exhibited  significantly  better  cardiac  per- 
formance after  aortic  conclusion  than  did 
controls  (6).  The  question  still  remained  con- 
cerning the  salutory  effect  of  steroids  on 
hearts  that  have  been  exposed  to  hypoxia.  To 
this  end,  the  present  study  was  designed  to 
determine  whether  pretreatment  with  a  phar- 
macologic dose  of  the  glucocorticoid,  meth- 
ylprednisolone, affords  protection  to  the  hy- 
poxic isolated  perfused  rat  heart  and  en- 
hances the  recovery  of  the  heart  during  a 
period  of  reoxygenation. 

Methods  and  materials.  In  this  study  hearts 
were  obtained  from  male  Sprague-Dawley 
rats  (2SQ-300  g)  pretreated  (ip)  with  either 
methylprednisolone  sodium  succinate  30 
mg/kg  1 8  hr  and  1  hr  prior  to  sacrifice  or  the 
vehicle  of  methylprednisolone  consisting  of 
benzyl  alcohol  in  0.9%  NaCl.  The  methyl- 
prednisolone sodium  succinate  was  a  gener- 
ous gift  of  the  Upjohn  Company. 

Coronary  perfusion  was  conducted  with  an 
Anderson  perfusion  apparatus  that  contained 
modified  Tyrode's  solution  equilibrated  with 
95%  O2  and  5%  CO2  (p02  450-500  mm  Hg) 
and  maintained  at  3T*  and  pH  7.4  ±  0.05. 
The  ionic  composition  of  the  Tyrode's  solu- 
tion in  millimoles  per  liter  was  NaCl,  120; 
KCl,  5;  CaCb,  4;  MgS04,  0.6;  NaHCOa,  30; 
KH2PO4,  0.6  and  glucose  5.0.  An  hypoxic 
perfusion  medium  (p02  10-20  mm  Hg,  pH 
7.4  ±  0.05)  was  produced  by  gassing  an  iden- 
tical Tyrode's  solution  with  95%  N2  and  5% 
CO2  for  30  min.  Both  oxygenated  and  hy- 
poxic perfusion  media  were  set  in  a  parallel 
system  so  that  with  the  turn  of  a  stopcock, 
either  medium  could  be  used  for  coronary 
perfusion.  In  order  to  determine  the  effects  of 
the  lack  of  an  exogenous  energy  substrate  on 
cardiac  performance,  one  series  of  vehicle- 
treated  and  steroid-treated  hearts  was  per- 
fused with  glucose-free  Tyrode's. 
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In  all  experiments,  perfusion  pressure  was 
maintained  constant  at  approximately  55  mm 
Hg.  A  calibrated  Grass  Ft  0.03  force  displace- 
ment transducer,  connected  to  the  heart  by  a 
silk  suture  attached  to  a  hook  placed  into  the 
cardiac  apex,  was  used  to  measure  force  of 
contraction.  This  transducer  was  mounted  on 
a  movable  assembly  so  that  sufficient  tension 
could  be  placed  on  each  heart  to  place  the 
resultant  contraction  at  the  peak  of  its  length- 
tension  curve.  Contraction  was  recorded  as 
grams  of  developed  tension  on  a  Grass  model 
7  polygraph.  Heart  rate  was  maintained  con- 
stant throughout  the  experiment  by  constant 
pacing  at  a  rate  20%  above  the  intrinsic  rate 
by  square  wave  stimuli  (4-8V,  4  msec  dura- 
tion) delivered  from  an  E  and  M  stimulator. 

Perfusion  of  rat  hearts  was  conducted  in 
the  following  manner.  Hearts  in  vehicle-pre- 
treated  and  methylprednisolone-pretreated 
groups  were  equilibrated  for  a  period  of 
12-15  min  with  oxygenated  Tyrode's  solution 
(pH  7.4,  37**),  then  perfused  for  3  or  5  min 
with  hypoxic  medium,  and  finally  reperfused 
with  oxygenated  Tyrode's  for  5  or  10  min  to 
determine  recovery  from  hypoxia.  Hearts 
perfused  with  glucose-free  Tyrode's  solution 
were  exposed  to  hypoxic  medium  for  3  min 
and  recovered  for  5  min  and  hearts  perfused 
with  Tyrode's  solution  containing  5  mM  glu- 
cose were  exposed  to  hypoxia  for  5  min  and 
recovered  for  10  min. 

These  periods  of  hypoxic  exposure  were 
selected  after  it  had  been  first  determined 
that  an  hypoxic  insult  of  this  duration  would 
depress  myocardial  function  to  approxi- 
mately 10%  of  control.  Longer  periods  of 
hypoxia  usually  precluded  recovery  while 
shorter  periods  did  not  provide  a  sufficient 
insult  to  consistently  evaluate  recovery. 

Results.  Table  I  summarizes  the  effects  of 
hypoxia  on  force  of  contraction  of  the  isolated 
rat  heart  perfused  with  glucose  containing 
Tyrode's  solution.  There  is  no  significant  dif- 
ference in  force  of  contraction  between  hearts 
of  vehicle-treated  and  methylprednisolone- 
treated  animals.  Within  1  min  of  hypoxic 
perfusion  there  is  a  significant  reduction  in 
the  force  of  contraction  (grams  of  developed 
tension)  of  hearts  of  both  vehicle-treated  and 
methylprednisolone-treated  rats.  This  decline 
in  developed  tension  progresses  in  both 
groups  of  hearts  to  a  value  of  2.2  g  and  2.9  g 
m  the  vehicle-treated  and  methylpredniso- 


lone-treated groups,  respectively,  at  5  min  of 
hypoxic  perfusion.  This  represents  an  ap- 
proximate 90%  reduction  in  force  of  contrac- 
tion in  both  of  these  groups. 

Also  shown  in  Table  I  is  the  force  of  con- 
traction produced  by  the  hearts  during  the 
period  of  recovery  (reoxygenation).  Through- 
out the  reoxygenation  period  hearts  from 
methylprednisolone-treated  rats  develop 
more  tension  than  do  hearts  from  vehicle- 
treated  animals.  Moreover,  the  force  of  con- 
traction is  significantly  greater  (P<  0.05)  in 
the  former  group  at  3,  5,  7  and  10  min  of 
reoxygenation.  By  10  min  of  reoxygenation 
the  methylprednisolone-treated  group  devel- 
ops 22.2  ±  1.1  g  of  tension  (approximately 
100%  of  the  prehypoxic  value)  while  the  ve- 
hicle-treated group  only  develops  10.5  ±  0.84 
g  of  tension  (approximately  54%  of  the  pre- 
hypoxic value)  at  this  same  time  period. 

In  Table  II  is  shown  the  effects  of  hypoxia 
on  the  force  of  contraction  of  the  isolated  rat 
heart  perfused  with  glucose-free  Tyrode's  so- 
lution. The  fall  in  developed  tension  during 
hypoxia  is  qualitatively  and  quantitatively 
similar  in  both  groups  of  hearts  in  this  series 
of  experiments.  By  3  min  of  hypoxic  perfu- 
sion, hearts  from  vehicle-treated  and  meth- 
ylprednisolone-treated groups  develop  0.63 
±  0.13  and  1.0  ±  0.43  g  of  tension,  respec- 

TABLE  I.  Effect  of  Methylpreonisolone  and 

Hypoxia  on  Force  of  Contraction  in  Isolated 

Rat  Hearts  Perfused  with  Tyrode's  Solution 

Containing  Glucose .• 


Contractile  force  (grams  tension) 

Time  periods 

Vehicle-treated 

Methylpredniso- 
lone-treated 

Prior  to  Hypoxia 

19.6  ±  1.2 

22.8  ±  1.3 

Hypoxia 
1  min 

7.3  ±0.81 

9.3  ±  0.63 

3  min 

3.3  ±  0.44 

4.6  ±  0.60 

Smin 

2.2  ±  0.26 

2.9  ±0.31 

Reoxygenation 
1  min 

6.1  ±  l.l 

10.4  ±  0.91* 

3  min 

11.4  ±  1.4 

18.3  ±0.77* 

S  min 

12.3  ±  1.8 

22.1  ±  1.2* 

7min 

11.5  ±1.6 

23.4  ±  1.0* 

10  min 

10.5  ±  0.84 

22.2  ±1.1* 

"  5  mM  glucose  added  to  Tyrode*s  perfusion  medium. 
Each  value  represents  the  mean  ±  SEM;  n  ■■  7  for 
steroid-treated  group;  n  ■■  7  for  vehicle-treated  group. 

*  Indicates  significant  difference  {P  <  O.OS)  when 
methylprednisolone-treated  group  is  compared  to  vehi- 
cle-treated group. 
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TABLE  II.  Effect  of  Methylprednisolone  and 

Hypoxia  on  Force  of  Contraction  in  Isolated 

Rat  Hearts  Perfused  with  Glucose-Free 

Tyrode*s  Solution." 


Contractile  force  (grams  tension) 

Time  periods 

Vehicle-treated 

Methylpredniso- 
lone-treated 

Prior  to  Hypoxia 

14.4  ±  0.85 

15.0  ±  1.6 

Hypoxia 
Imin 

3.6  ±  0.54 

5.3  ±  0.33 

2  min 

1.6  ±0.37 

3.7  ±  0.67 

3  min 

0.63  ±0.13 

1.0  ±0.43 

Reoxygenation 
1  min 

4.7  ±  0.48 

9.3  ±  0.62* 

2  min 

6.0  ±  0.55 

10.9  ±  0.90* 

3  min 

6.3  ±  0.25 

I2.I  ±  1.3* 

5  min 

5.0  ±  0.20 

12.6  ±  1.2* 

"Tyrode's  solution  did  not  contain  glucose.  Each 
value  represents  the  mean  ±  SEM;  n  *  4  for  steroid- 
treated  group;  n  ■■  4  for  vehicle-treated  group. 

*  Indicates  significant  difference  (P  <  0.05)  when 
methylprednisolone-treated  group  compared  to  vehicle- 
treated  group. 

tivcly,  both  approximately  5%  of  the  prchy- 
poxic  values.  During  the  reoxygenation  pe- 
riod, hearts  from  methylprednisolone-treated 
rats  develop  significantly  more  tension  (P  < 
O.OS)  than  do  hearts  from  vehicle-treated  rats. 
The  methylprednisolone-treated  group  re- 
gains a  maximum  force  of  contraction  of  12.6 
±  1 .2  g  (84%  of  the  prehypoxic  value)  whereas 
the  vehicle-treated  group  attains  a  force  of 
contraction  equivalent  to  6.3  ±  0.2S  gm  (44% 
of  the  prehypoxic  value)  at  this  same  time 
period. 

Discussion.  The  results  of  this  study  clearly 
demonstrate  that  pretreatment  with  a  phar- 
macologic dose  of  the  glucocorticoid,  meth- 
ylprednisolone, improves  the  functional  re- 
covery of  the  isolated  hypoxic  rat  heart  dur- 
ing a  period  of  reoxygenation.  The  fact  that 
the  capacity  of  the  heart  to  recover  after 
hypoxia  is  better  preserved  in  the  methyl- 
prednisolone-treated group  suggests  that  this 
steroid  prevents  some  of  the  deleterious  ef- 
fects that  are  produced  by  hypoxia. 

The  precise  mechanism  by  which  methyl- 
prednisolone enhances  cardiac  recovery  of 
the  hypoxic  rat  heart  is  not  clear,  however, 
the  protective  mechanism  may  be  related  to 
the  ability  of  methylprednisolone  to  reduce 
the  amount  of  cardiac  cellular  damage  as  has 
been  reported  by  other  investigators  (3, 4,  7). 


One  of  the  primary  causes  of  cellular  damage 
during  hypoxia  is  the  disruption  of  lysosomal  ' 
membranes  with  a  release  of  add  hydrolases 
into  the  cytoplasm  of  the  cell  (8).  Glucocor- 
ticoids have  been  shown  to  stabilize  lysoso- 
mal membranes  thus  making  them  more  re- 
sistant to  an  hypoxic  stress  (9).  This  lysosomal 
membrane  stabilization  would  be  expected  to 
result  in  a  decreased  cardiac  cellular  autolysis 
and  in  an  improved  cardiac  performance 
upon  reoxygenation. 

Although  glucocorticoids  have  been  re- 
ported to  increase  glucose  transport  and  thus 
enhance  the  intracellular  flux  of  this  energy 
source  (10),  the  present  study  does  not  sup- 
port this  process  as  the  mechanism  whereby 
methylprednisolone  affords  protection  to  the 
hypoxic  heart.  The  data  presented  herein  il- 
lustrate that  methylprednisolone  protects  the 
isolated  rat  heart  even  when  ^ucose  was 
omitted  from  the  perfusion  medium.  How- 
ever, it  was  noted  that  hearts  perfused  with 
glucose  containing  Tyrode*s  solution  did  per- 
form better  during  and  after  the  hypoxic 
insult.  Exogenous  carbohydrates  supplied  to 
isolated  hearts  have  been  shown  to  help 
maintain  available  levels  of  high  energy  phos- 
phates (11).  Therefore,  the  improved  contrac- 
tile performance  during  hypoxia  seen  in  these 
hearts  perfused  with  S  mM  glucose  appears 
to  result  from  the  availability  of  exogenous 
glucose.  However,  the  improved  contractile 
performance  due  to  increaised  availability  of 
glucose  does  not  explain  why  the  hearts  of 
steroid-treated  rats  perfused  with  glucose-free 
medium  performed  better  than  vehicle- 
treated  hearts.  Regardless  of  the  presence  or 
absence  of  glucose,  methylprednisolone  pro- 
duced this  protective  effect  which  suggests 
that  the  protective  effect  of  this  hormone  may 
be  unrelated  to  increased  utilizable  energy 
sources  accessible  to  the  heart. 

Other  protective  effects  of  corticosteroids 
which  have  been  proposed  include:  (a)  de- 
creases in  peripheral  vascular  resistance  (12), 
(b)  prevention  of  the  formation  of  a  myocar- 
dial depressant  factor  (MDF)  (13)  and  (c) 
increases  in  cardiac  output,  coronary  blood 
flow  and  cardiac  efficiency  (14,  IS).  Since  the 
experimental  design  of  the  present  study  has 
excluded  such  extracardiac  factors  as  MDF 
and  peripheral  vascular  resistance  it  appears 
that  the  cardiac  protection  seen  in  these  ex- 
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periments  was  not  due  to  a  modulation  of 
these  factors.  The  above  reports  which  have 
suggested  that  steroids  exert  a  direct  protec- 
tive effect  on  the  heart  have  been  controver- 
sial. Lefer  (16)  was  unable  to  eUdt  a  positive 
inotropic  effect  in  the  intact  cat  heart  after  20 
mg/kg  of  methylprednisolone.  The  data  from 
our  study  support  this  finding  in  that  meth- 
ylprednisolone did  not  exert  a  positive  ino- 
tropic effect  on  the  isolated  rat  heart  under 
control  conditions.  This  is  further  evidenced 
by  the  similar  force  of  developed  tension  in 
hearts  of  both  vehicle-treated  and  methyl- 
prednisolone-treated  rats.  Furthermore,  al- 
though not  shown,  there  were  no  differences 
in  total  coronary  blood  flow  between  the  two 
groups  of  hearts  suggesting  that  a  change  in 
total  coronary  blood  flow  was  not  the  mech- 
anism for  the  enhanced  performance  in  the 
methylprednisolone  pretreated  group.  How- 
ever, no  measurements  were  made  testing  the 
possibility  of  a  redistribution  of  coronary 
Mood  flow  which  may  have  benefited  the 
myocardium. 

Although  we  have  not  elucidated  the  pre- 
cise mechanism  for  the  protective  action  of 
the  glucocorticoid,  methylprednisolone,  on 
the  hypoxic  heart,  it  has  been  shown  that  this 
steroid  does  attenuate  some  of  the  deleterious 
eflects  of  hypoxia  and  thus  enhances  the 
functional  recovery  of  the  hypoxic  heart. 

Summary,  The  isolated  rat  heart  was  stud- 
ied to  determine  if  pretreatment  with  the 
glucocorticoid,  methylprednisolone  (30 
mg/kg).  both  afforded  protection  to  the  heart 
during  a  period  of  hypoxia  and  improved 
recovery  during  reoxygenation.  Hearts  from 
rats  treated  with  methylprednisolone  sodium 
succinate  exhibited  significantly  better  force 
of  contraction  during  the  period  of  reoxygen- 
ation than  did  hearts  from  vehicle-treated 
rats.  This  improved  recovery  of  the  steroid- 
treated  group  was  seen  in  the  presence  or 
absence  of  glucose  and  was  not  related  to  a 
steroid-induced  positive  inotropism  or  en- 


hanced total  coronary  flow.  However,  the 
possibility  exists  that  methylprednisolone 
pretreatment  was  associated  with  a  favorable 
redistribution  of  coronary  blood  flow  and  as 
such  produced  a  protective  effect  on  the  hy- 
poxic heart. 
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Finding  plasma  half-lives  by  measuring 
peptide  concentrations  in  plasma  after  injec- 
tion or  infusion  has  serious  limitations  when 
one  wishes  to  study  rapidly-eliminated  pep- 
tides, such  as  vasopressin,  in  a  small  animal. 
The  time  needed  to  draw  blood  samples  be- 
comes an  important  source  of  imprecision. 
The  volume  of  blood  which  one  must  take  is 
also  a  limiting  factor.  One  usually  cannot 
repeat  half-life  measurements  on  one  animal 
or  compare  two  peptides  in  one  animal,  be- 
cause this  would  require  taking  too  much 
blood.  If  one  could  estimate  plasma  half-Uves 
from  a  biological  response  one  could  avoid 
these  limitations  of  direct  plasma  measure- 
ments. 

In  this  paper  we  describe  a  method  for 
estimating  plasma  half-Uves  by  comparing 
the  rate  of  decay  of  a  biological  response  to 
the  dose-response  curve  for  the  same  peptide 
in  the  same  rat.  This  method  has  been  applied 
to  arginine- vasopressin  and  two  of  its  analogs 
using  vasopressor  responses  in  rats. 

Materials  and  methods.  Female  rats  weigh- 
ing about  200  g  were  anesthetized  with  sc 
urethane  (175  mg/100  g)  and  the  trachea, 
carotid  artery,  and  jugular  vein  were  cannu- 
lated.  After  surgery,  1  ml  of  a  1  mg/ml  solu- 
tion of  phenoxybenzamine  (Dibenzyline, 
Smith  Kline  and  French)  was  given  sc.  The 
carotid  cannula  was  connected  to  a  Statham 
pressure  transducer  and  blood  pressure  was 
recorded  on  a  Grass  polygraph. 

In  the  first  experiment,  which  included 
nine  rats,  two  rats  were  usually  studied  si- 
multaneously. After  their  basal  blood  pres- 
sures became  stable,  one  rat  received  argi- 
ninc-vasoprcssin  (AVP),  the  other,  1-deam- 
ino-arginine  vasopressin  (dAVP).  Both  pep- 
tides were  diluted  in  0.05  M  acetic  acid,  0.5% 
chlorbutanol  solution  and  given  in  a  series  of 
6  iv  injections  (2.5,  5,  10,  20,  40,  80  ng  se- 
quentially in  order  of  ascending  dose)  at  15- 
min  intervals.  Injections  were  given  rapidly. 


The  total  volume  of  injection  plus  wash  did 
not  exceed  140  /d.  This  volume  of  chlorbu- 
tanol solution  given  alone  did  not  alter  blood 
pressure.  One  hour  was  allowed  to  elapse 
after  the  last  injection  of  the  series.  During 
this  time,  blood  pressure  returned  to  basal 
levels.  The  injections  were  then  repeated  with 
each  rat  receiving  the  other  peptide  in  a  series 
of  injections  identical  to  the  previous  series. 

From  the  resulting  blood  pressure  tracings, 
of  which  Fig.  1  is  an  example,  tables  of  mean 
blood  pressure  vs.  time  were  made  for  each 
dose  for  each  rat.  Mean  blood  pressure  was 
measured  at  2-min  intervals  beginning  at  the 
time  of  maximum  response.  The  baseline 
blood  pressure  was  taken  to  be  the  mean 
blood  pressure  inmiediately  preceding  the  in- 
jection. Mean  blood  pressure  was  calculated 
using  the  formula:  mean  blood  pressure  » 
diastolic  blood  pressure  +  V^  (systolic  blood 
pressure  —  diastolic  blood  pressure). 

From  the  tabulated  blood  pressure  data, 
log  dose  vs  peak  response  graphs  (as  in  Fig. 
2)  and  response  vs  time  graphs  (as  in  Fig.  3) 
were  made  for  each  drug  in  each  rat  AD 
subsequent  calculations  were  nuule  with  data 
from  these  tables  or  graphs.  In  a  few  rats,  the 
response  to  dAVP  did  not  decline  in  IS  min. 
The  data  from  these  rats  were  discarded. 

The  second  experiment  was  similar  to  the 
first  except  that  the  rats  were  injected  with 
arginine-vasotocin  (AVT).  Seven  rats  were 
each  given  two  series  of  injections.  The  first 
series  of  six  doses  (3.75,  7.5,  15,  30,  60.  120 
ng)  was  sequential  as  in  Experiment  1.  In  the 
second  series  the  six  doses  were  given  in  a 
random  order  determined  by  n-^^igning  each 
dose  a  number  generated  by  a  random  num- 
ber generator  and  reordering  the  doses  ac- 
cording to  the  assigned  numbers.  In  this  ex- 
periment, the  rats  were  allowed  to  rest  15  min 
at  basal  blood  pressure  levels  between  suc- 
cessive injections. 

AVP  (376  vasopressor  U/mg),  dAVP  (330 


584 


0037-9727/78/ 1 574-0584S0 1 .00/0 

Copyright  &  1978  by  the  Society  for  Experimenul  Biology  and  Medicine 
AJJ  rights  reserved. 


PLASMA  HALF-LIFE  FROM  PRESSOR  RESPONSES 
BLOOD  PRESSURE  PROTOCOL 


585 


/V*J^ 


Blood  pressure  tracings.  Rats  1  and  2.  Rats  were  pretreated  with  phenoxybenzamine  and  given  a  series 
sofAVPanddAVP. 


RAT'I 


RAT'2 


2.5     5    10  20   40  80     ng     2,5    5    10  20  40  80 

DOSE 

Log  Dose  vs  Response.  The  ordinate  records 
in  blood  pressure  increments  which  occurred 
to  a  series  of  injections  of  2.S,  S,  10,  20,  40, 
fAVPordAVP. 

ind  AVT  (227  U/mg)  were  synthc- 
Maurice  Manning  and  co-workers 

nd  dAVP  were  used  initially  to  es- 
ds  method  for  estimating  half-lives 
3onses  because  their  half-lives  had 
dously  estimated  from  direct  plasma 
uents  from  the  initial  part  of  the 
disappearance  from  plasma  follow- 
tion  of  prolonged  constant  infusions 
ptides  and  had  been  found  to  differ 
itly(3). 

.  Inspection  of  the  blood  pressure 
from  the  first  experiment  showed 
higher  doses  of  dAVP  produced 
isopressor  responses  than  did  doses 
fvhich  were  equipotent  in  terms  of 
1  responses  in  every  rat  (as,  for  ex- 
1  Fig.  1).  The  longer  responses  to 
ire  consistent  with  its  longer  half-life 
y  estimated  from  infusion  experi- 
.  We  then  attempted  to  demonstrate 
pressor  responses  could  be  analyzed 
independent  estimates  of  plasma 
.  To  do  this  we  considered  that  the 
or  response  could  be  divided  into 
ses:  (1)  a  period  during  which  pres- 


sure reaches  a  peak  and  the  iv  injection  mixes 
in  the  plasma  volume,  (2)  a  period  in  which 
peptide  levels  fall  toward  threshold  and  the 
pressure  declines,  and  (3)  the  time  it  takes  for 
the  vasopressor  response  to  disappear  com- 
pletely after  the  plasma  concentration  has 
fallen  below  threshold  levels.  In  a  series  of 
injections  of  increasing  doses,  we  assume  that 
phase  1  and  phase  3  remain  nearly  constant 
in  duration,  but  phase  2  lengthens.  By  com- 
paring the  time  courses  of  responses  to  a 
series  of  injections,  the  influence  of  the  drug 
half-life  (which  determines  the  length  of 
phase  2)  can  thus  be  separated  from  the  other 
components  of  the  response. 

In  order  to  find  a  numerical  value  for  each 
half-life,  we  made  two  other  assumptions. 
The  first  was  that,  in  a  given  rat,  equal  ele- 
vations of  blood  pressure  reflected  equal 
plasma  peptide  concentrations,  whether  the 
elevation  was  the  maximum  response  to  an 
injection  or  occurred  during  the  declining 
phase  of  the  response  to  a  larger  injection. 
Development  of  peak  pressure  or  the  rate  of 
decline  may  both  lag  behind  the  peak  and 
decline  phases  of  plasma  peptide  concentra- 
tion. If  these  lag  times  remain  constant  they 
would  not  affect  our  estimates  of  half-life. 
The  second  was  that  the  logarithm  of  the 
plasma  peptide  concentration  fell  linearly 
with  time  after  the  maximum  response  was 
reached.  This  would  occur  if  the  three  routes 
of  exit  from  the  plasma,  metabolic  clearance, 
urinary  clearance,  and  diffusion  into  the  ex- 
travascular  space,  were  all  exponential  proc- 
esses. 

To  estimate  half-life,  a  log  dose-response 
curve  (Fig.  2)  was  constructed  from  the  max- 
imum responses  to  a  series  of  iv  injections.  If 
log  plasma  concentration  falls  linearly  with 
time  after  iv  injection  the  time  course  of  the 
decay  of  the  response  to  the  largest  injection 
of  the  series  used  to  construct  die  log  dose- 
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Fig.  3.  Response  vs  Time.  Each  graph  shows  the  time  course  of  responses  to  a  series  of  injections  (2.5,  S,  1( 
40,  and  80  ng)  of  AVP  or  of  dA VP.  The  time  at  which  the  response  reached  a  maximum  is  taken  as  time  0. 


response  curve  is  a  continuous  '^inroUing"  of 
the  log  dose-response  curve.  The  two  curves 
should  be  superimposable  if  a  proper  fixed 
interval  between  doublings  of  dose  in  the  log 
dose-response  curve  is  chosen. 

Curve  1  (in  Fig.  4)  shows  the  decline  in 
response  as  log  dose  (which  is  proportional 
to  log  plasma  concentration)  declines.  If  log 
plasma  concentration  fell  linearly  with  time, 
the  same  response  curve  would  be  generated, 
but  time  would  be  the  abscissa.  Each  succes- 
sive point  on  Curve  1  represents  the  response 
to  half  the  dose  of  the  previous  point.  Halving 
of  the  plasma  concentration  is  what  would 
occur  in  one  half-life.  Curve  2  is  the  decay  of 
the  response  after  peptide  injection.  If  the 
correct  half-life  is  chosen,  the  points  of  Curve 
1  can  be  fitted  at  half-life  intervals  on  Curve 
2.  This  curve-fit  method  involves  fitting  the 
middle  four  responses  of  the  log  dose-re- 
sponse curve  (that  is,  the  maximum  responses 
to  S,  10,  20,  and  40  ng,  in  the  case  of  AVP 
and  dAVP)  on  the  response  vs.  time  curve  by 
postulating  a  fixed  time  interval  between 
them  (Fig.  S).  The  time  interval  which  results 
in  the  best  fit  is  taken  to  be  the  half-life.  The 
fitting  was  done  by  trial  and  error.  Usually 
we  started  by  fitting  responses  to  doses  3  and 
4  exactly  on  the  response  vs  time  curve  and 
used  the  time  interval  between  the  fitted 
points  as  our  initial  guess  for  the  half-life. 
The  interval  was  then  adjusted  as  needed  to 
bring  responses  to  doses  2  and  S  into  closer 
agreement  with  the  time  curve. 

The  decay  of  the  response  curves  could  be 
fitted  quite  closely  in  the  middle  range  of  the 


TIME  I 

CHOOSE  TIME  INTERVAL  WHICH  GIVES  BEST  FIT 
THIS  IS  THE  HALF- LIFE 

Fig.  4.  Curve-fit  Method.  The  middle  four  point 
the  log  dose-response  curve  are  fitted  on  the  respons 
time  curve  by  postulating  a  fixed  time  interval  bet« 
the  points.  The  time  interval  which  results  in  the  bcs 
is  taken  to  be  the  half-life. 
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Fig.  S.  The  curve  fit  method  applied  to  Rat  2. ' 
solid  lines  represent  the  decay  of  the  vasopressor 
sponse  to  80  ng  of  each  peptide.  The  filled  circks 
peak  responses  to  single  injections  in  the  same  rat  Tl 
are  plotted  at  the  time  intervak  that  approximate 
best  fit  to  the  decay  curve. 
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se  response  curves.  This  suggests  that 
sumptions  that  blood  pressures  during 
cline  do  reflect  plasma  peptide  levels 
lat  these  do  decline  exponentially  in 
inge  are  at  least  approximately  true. 

prolonged  infusions  the  measured 
I  concentrations  of  AVP  and  dAVP  (3) 

decay  at  a  single  rate,  but  decay  more 
i  initially  and  then  more  slowly.  From 
rates  "early"  and  "late"  half-lives  can 
lained.  In  the  present  single  injection 
ments  the  rates  of  decay  appear  to  be 

exponential  and  were  about  twice  the 
orresponding  to  the  "early'*  half-lives 
ted  from  infiision  experiments, 
f-lives  obtained  by  the  curve-fit  method 
lividual  rats  are  shown  in  Table  I.  Half- 
jstimated  thus  for  AVP,  dAVP,  and 
ure  2.6  ±  0.3  (SEM),  9.2  ±  1.4,  and  4.0 
oiin. 

lissiofL  The  2.6-min  half-lite  for  AVP 
ted  from  the  vasopressor  response  falls 

the  range  of  previously  published  es- 
s  based  on  measurement  of  plasma 
itrations  following  single  injections  in 
ily  hydrated  rats.  These  vary  from  1.0 
oiin  (4).  The  variation  among  estimates 
sma  half-lives  following  iv  injections 
nably  reflects  diflerences  in  anesthesia, 


JLE  L  Effects  of  the  Order  in  Which 

iPTIDES  WERE  ADMINISTERED  ON  HaLF- 

;  (IN  Minutes)  Estimated  by  the  Curve- 
Fit  Method. 

^rder  in  which  AVP  and  dAVP  were  injected. 


AVP  given  1st 


dAVP  given  1st 


AVP 

dAVP 

Rat 

AVP 

dAVP 

1.5 

12.0 

2 

2.0 

5.0 

2.0 

12.0 

3 

2.5 

6.0 

3.5 

6.0 

8 

2.0 

8.0 

3.5 

6.0 

13 

4.0 

18.0 

2.5 

10.0 

2.6 

9.2 

2.6 

9.2 

A       ±0.4 

±1.4 

±0.5 

±3.0 

r  administered  in  ascending  and  random  orders 
of  doses. 


Rat 


Ascending 


Random 


14 

4.0 

3.0 

15 

4.0 

3.0 

16 

3.5 

4.0 

17 

4.0 

4.0 

18 

3.0 

3.0 

19 

5.0 

5.0 

20 

5.5 

5.0 

n±SEM 

4.1  ±0.3 

3.9  ±  0.3 

presence  or  absence  of  adrenergic  blockade, 
the  intervals  at  which  plasma  samples  were 
obtained,  and  the  limitations  of  the  several 
assay  methods.  Data  on  the  post-injection 
half-life  of  dAVP  in  rats  are  not  available. 

The  half-lives  obtained  from  vasopressor 
responses,  2.6  min  for  AVP  and  9  min  for 
dAVP,  are  shorter  than,  although  propor- 
tional to,  ""early"  half-lives  measured  directly 
from  plasma  concentrations  after  constant  iv 
infusions,  which  are  4.S  min  for  AVP  and 
18.4  min  for  dAVP  (3).  The  reason  that 
postinftision  half-lives  are  longer  may  be  that 
peptide  accumulates  in  the  extravascular 
space  during  infiisions  and  diffuses  back  into 
the  plasma  after  the  end  of  the  infiision.  This 
would  produce  a  longer  half-life  as  estimated 
from  the  rate  of  decay  of  plasma  peptide 
concentrations.  When  single  injections  are 
given,  however,  the  early  fall  in  plasma  con- 
centrations would  reflect  metabolic  and  ex- 
cretory clearances  and  diffusion  of  peptide 
into  die  extravascular  compartment.  This 
would  shorten  plasma  half-life.  Thus  neither 
infiision  nor  injection  experiments  necessarily 
yield  a  physiologically  relevant  value  for  the 
half-life  of  a  peptide,  one  may  overestimate, 
the  other  may  underestimate.  The  plasma 
half-life  of  endogenous  AVP  would  appear  to 
depend,  therefore,  on  whether  it  is  released 
continuously,  as  if  infused,  or  in  spurts,  as  if 
injected  iv. 

In  the  first  experiment,  the  order  in  which 
the  peptides  were  given  did  not  introduce  a 
bias  into  the  results  (Table  lA).  In  the  second 
experiment,  sequential  dosing  (low  dose  to 
high)  did  not  yield  half-lives  which  were  sig- 
nificantly difTerent  from  those  obtained  from 
responses  to  doses  given  in  random  order 
(Table  IB).  When  the  half-life  measurements 
for  AVT  were  repeated  on  single  rats,  the 
average  standard  deviation  was  ±0.3  min. 
This  is  less  than  the  standard  deviation  for 
measurements  between  rats  (±0.9  min).  This 
was  calculated  for  the  seven  rats  given  AVT 
using  a  half-life  for  each  obtained  by  aver- 
aging the  ""ascending'*  and  ""random  order" 
half-life  values.  For  comparison,  using  bioas- 
say  of  plasma  samples,  Forsling  et  al.  (S) 
found  a  half-Ufe  for  AVP  of  1.6  ±  0.8  (SD) 
min. 

When  using  the  curve-fit  method,  one  must 
take  into  account  the  fact  that  repeated  injec- 
tions of  high  doses  of  peptide  at  close  inter- 
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vals  can  cause  tachyphylaxis  of  the  response. 
Before  one  obtains  half-Uves  for  any  peptide 
by  the  curve-fit  method,  one  must  first  find 
a  dosing  interval  long  enough  to  prevent 
tachyphylaxis.  The  interval  varies  with  the 
peptide  and  must  be  found  empirically. 

An  advantage  of  the  curve-fit  method  is 
that  it  can  separate  components  of  the  re- 
sponse. For  example,  if  the  plasma  peptide 
concentration  included  a  substantial  contri- 
bution of  peptide  from  the  extravoscular 
space  at  later  times  in  the  course  of  the  re- 
sponse, concentrations  would  fall  with  a  dif- 
ferent '*half-life'*  at  later  times.  This  would 
show  up  in  the  curve-fit  method  as  a  devia- 
tion of  the  later  part  of  the  decay  of  the 
response  from  the  curve  predicted  from  the 
log  dose-curve.  Also  the  curve-fit  method 
separates  the  contribution  of  the  slope  of  the 
log  dose-response  curve  to  the  length  of  the 
response  from  that  of  the  plasma  half-life. 

The  log  dose-response  relationship  influ- 
ences the  length  of  action  in  the  following 
manner.  If  two  drugs  are  similarly  distributed 
and  are  eliminated  at  the  same  rate  (that  is, 
the  fractions  of  total  drug  eliminated  per  unit 
of  time  are  equal  for  the  two  drugs)  and  in 
the  same  manner,  the  drug  with  the  less  steep 
regression  of  response  on  log  will  be  longer- 
acting,  if  one  starts  from  the  same  degree  of 
biological  response  for  each  drug.  Since  the 
concentration  of  each  drug  in  the  vicinity  of 
the  receptor  would  fall  at  the  same  rate,  that 
drug  which  acts  over  a  wider  range  of  con- 
centrations (that  has  a  less  steep  log  dose- 
response  relationship)  would  have  a  more 
persistent  action.  Thus  a  long  drug  half-life 
is  not  the  only  factor  which  may  produce  a 
long  response,  and  it  is  important  to  be  able 
to  separate  the  effect  of  drug  half-life  from 
the  effect  of  other  factors  on  the  length  of 
response. 

Other  investigators,  such  as  PUska  (6),  have 
measured  the  half-Uves  of  responses  in  studies 
on  vasopressor,  antidiuretic  and  uterotonic 
responses  to  neurohypophysial  peptides. 
Such  measurements  are  easily  made  but  can- 
not be  readily  interpreted  in  terms  of  plasma 
half-Uves.  Measurements  of  half-Uves  of  re- 
sponses would  only  yield  reUable  information 
on  relative  rates  of  eUmination  if  aU  responses 
were  of  the  same  magnitude.  Half-Uves  of 
responses  clearly  vary  with  the  magnitude  of 


the  initial  response  (Fig.  3).  Comparing  half- 
Uves  of  responses  to  different  peptides  wouU 
only  relate  to  plasma  half-lives  if  all  the 
peptides  had  identical  log  dose-response  r^ 
lationships  in  aU  rats.  The  curve-fit  method, 
although  requiring  certain  unproven  assump- 
tions, would  appear  to  provide  more  mean- 
ingful data  on  the  rates  of  disappearance  of 
peptides  from  the  vicinity  of  the  recq>tofs, 
and,  we  presume,  from  the  plasma,  since  this 
method  factors  the  decay  of  the  response  by 
the  log  dose-response  relation  for  each  pep- 
tide in  each  rat.  Thus  variations  in  log  dose- 
response  relations  among  peptides  and 
among  rats  do  not  influence  the  estimation  of 
half-Uves  by  curve-fitting. 

We  beUeve  that  half-Uves  estimated  by 
curve-fitting  better  reflect  actual  plasma  half- 
Uves  than  do  those  estimated  from  the  decay 
of  responses  alone.  In  the  experiment  illus- 
trated in  Fig.  S,  for  example,  half-Uves  of 
responses  to  the  highest  doses  of  AVP  and 
dAVP  were  about  5  and  9  min,  respectively. 
These  are  about  twice  the  half-Uves  estimated 
by  curve-fitting.  The  shorter  estimate  of  AVP 
half-life  obtained  by  curve-fitting  is  in  much 
better  agreement  with  reported  estimates 
based  on  actual  measurements  of  plasma 
AVP  levels  foUowing  single  injections  (4). 

To  test  directly  the  assumptions  that  we 
have  made  regarding  the  relation  between 
vasopressor  responses  and  plasma  peptide 
concentrations  would  require  simultaneous 
measurements  of  plasma  peptides  and  vaso- 
pressor responses  in  individual  rats.  At  pres- 
ent this  would  be  technically  difficult  if  not 
impossible.  Nonetheless,  we  feel  that  curve- 
fitting  offers  substantial  advantages  over 
measurement  of  half-Uves  of  responses  alone 
as  a  simple  and  rapid  means  for  estimating 
plasma  half-Uves  of  neurohypophysial  hor- 
mones and  their  analogs.  This  method  may 
also  be  appUcable  to  studies  on  half-Uves  of 
other  rapidly  eliminated  hormones  and  drugs. 

Summary,  Vasopressor  responses  by  rats  to 
graded  doses  of  AVP,  dAVP,  and  AVT  were 
analyzed  in  an  attempt  to  find  a  method  for 
estimating  plasma  half-life  from  responses. 
The  resulting  *'curve-fit*'  method  indicated 
half-Uves  of  2.6  ±  0.3,  4.0  ±  0.3,  and  9.2  ± 
1.4  min  for  AVP,  AVT,  and  dAVP,  respec- 
tively, after  single  intravenous  injections.  The 
half-Uves  of  two  peptides  can  be  compared  in 
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one  rat  the  ''curve-fit"  method.  This  method 
can  also  provide  useful  information  concern- 
ing the  relative  contributions  of  the  plasma 
half-life,  the  log  dose-response  relationship, 
and  other  factors,  to  the  duration  of  the  re- 
sponse. 
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Calcium-Phospholipid-Phosphate  Complexes  in  Mineralizing  Tissue^  (40103) 
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Past  work  has  shown  that  the  acidic  phos- 
pholipids are  involved  in  tissue  mineraliza- 
tion (1-3).  Calcium-phospholipid-phosphate 
(Ca-FL-PO^)  complexes,  containing  the 
acidic  phospholipids,  phosphatidyl  inositol 
(PI)  and  phosphatidyl  serine  (PS),  were  iso- 
lated from  the  long  bones  of  developing  ani- 
mals (4).  These  complexes  induced  hydroxy- 
apatite  (HA)  formation  in  metastable  calcium 
phosphate  solutions  (5).  The  same  study  also 
showed  that  the  uncomplexed  acidic  phos- 
pholipids when  placed  in  metastable  calcium 
phosphate  solution,  first  formed  a  Ca- 
PL-PO4  complex  and  then  nucleated  HA. 
The  fact  that  more  complexed  lipids  were 
found  in  the  bones  of  developing  as  opposed 
to  more  mature  animals  further  supports  the 
thesis  that  such  compounds  are  related  to  the 
onset  of  mineralization.  The  purpose  of  this 
study  was  to  analyze  further  for  complexed 
lipids  in  a  number  of  hard  and  soft  tissues  in 
order  to  enlarge  our  view  of  the  role  of  the 
Ca-PL-P04  complexes  in  mineralization. 

Materials  and  methods.  This  investigaton 
was  carried  out  on  white  New  Zealand  rab- 
bits of  ages  1-4  days  (50-70  g),  4-6  weeks 
(0.9-1.4  kg),  12-16  weeks  (1.5-1.8  kg),  and 
older  than  100  weeks  (3.6-5.4  kg).  The  tissues 
studied  were:  cortex  of  long  bones,  epiphyseal 
regions  of  long  bones  (including  articular 
cartilage,  growth  plate,  and  secondary  ossifi- 
cation centers),  skull  bones  (cranium  and 
mandible),  scapulae,  marrow,  adipose  tissue, 
heart  muscle,  pooled  leg  muscles,  ear  carti- 
lage, and  incisors.  All  bones  were  scraped  to 
remove  the  periosteum  and  marrow,  ground 
in  a  liquid  nitrogen-cooled  colloid  mill, 
washed  in  0.05  M  tris-hydroxy-methyl  amino 
methanc-HCl  (Tris)  buffer  at  pH  7.4  to  re- 
move blood,  and  then  were  lyophilized.  Non- 
calcified  tissues  were  frozen  and  minced  with 
dry  ice  and  then  lyophilized.  The  ash  weight 

'  This  study  was  supported  by  grant  Nos.  DE-04141 
and  Am- 184 12  from  the  National  Institutes  of  Health. 
Dr.  Boskey  is  a  recipient  of  NIH  Career  E>evelopment 
Award  DE-00002.  This  is  publication  number  117  from 
The  Laboratory  of  Ultrastructural  Biochemistry. 


(after  heating  to  equilibrium  weight  at  600°X 
was  determined  for  samples  of  each  of  the 
lyophilized  tissues.  Tissues  of  at  least  three 
different  rabbits  in  each  age  (weight)  group 
were  analyzed  separately;  the  analyses  on 
each  tissue  specimen  were  performed  a  min- 
imum of  3x. 

Lipids  were  extracted  from  weighed  dried 
tissue  specimens  using,  (A)  an  earlier  pub- 
lished method  (4)  and,  (B)  a  new  enzymede- 
pendent  method  described  here  for  the  first 
time.  In  method  A  each  sample  of  tissue  was 
sonicated  in  the  presence  of  2:1:1.5  chloro- 
form:methanol:Tris  bufter  (30  ml/g).  Total 
lipids,  obtained  after  repeated  sonications, 
were  washed  in  dilute  buffer,  then  dried  un- 
der a  stream  of  nitrogen  and  stored  in  vac- 
uum. Repeated  treatment  of  the  total  lipids 
with  2:1  ethanol:ether  (v/v)  solubilized  the 
noncomplexed  lipids  leaving  the  complexed 
lipids  as  the  residue. 

In  order  to  make  certain  that  the  sonicaticm 
procedure  (A)  removed  all  lipids,  certain  tis- 
sue residues,  remaining  after  the  sonication- 
lipid  extractions,  were  decalcified  (5% 
EDTA)  and  then  reextracted  for  lipid  (6). 
The  organic  phase  was  then  washed  with 
water,  dried  under  a  stream  of  N2  gas  and 
stored  in  vacuum. 

In  method  B  the  specimen  was  decalcified 
by  dialysis  against  a  0.1  M  pH  5  phthalate 
bufTer  (3  liter/g/day)  for  a  5-day  period.  The 
complex  had  previously  been  shown  to  be 
stable  in  acid  above  pH  4  (5).  The  remaining 
matrix,  containing  less  than  10%  mineral,  was 
washed  in  water,  lyophilized,  and  digested 
for  16  h  at  37°  in  a  Tris-buffered,  pH  7.4 
solution  containing  1000  units  each  of  coUa- 
genase  and  hyaluronidase  per  g  of  tissue  (7). 
The  lipids  were  then  extracted  from  the  re- 
maining solid  and  aqueous  phases  by  the 
addition  of  2:1  chloroform:methanol  so  that 
the  final  volume  ratio  was  2:1:1  chloro- 
form:methanol:buffer.  After  washing  the  or- 
ganic phase  with  buffer,  the  total  lipids  were 
dried  under  a  N2  stream  and  the  non-com- 
plexed  lipids  were  isolated  from  the  com- 
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>y  ethanolrether  extraction  as  in 
\,  above. 

lated  complexes  were  washed  in  10~^ 
>  remove  any  traces  of  mineral.  This 
e  did  not  change  the  composition  of 
ilexed  lipids  to  any  significant  extent. 
:ed  lipids  were  then  separated  from 
-complexed  Upid  impurities  by  two- 
>nal  thin  layer  chromatography  (8) 
L  the  complexed  lipids  remained  at 
1  while  the  noncomplexed  Upids  mi- 
lie  noncomplexed  lipids  were  puri- 
:hromatography  on  Sephadex  G-2S 
d   under  a   nitrogen   stream   and 

Aliquots  of  the  complexed  lipids 
d  dissociated  in  formic  acid  and  par- 
in  2:1:1  chloroform:methanol:  IN 
.  The  Ca  (1 1)  and  inorganic  PO4  (12) 
3f  the  organic  phase  were  analyzed 
trically.  llie  phospholipid  content  of 
>lexed  and  noncomplexed  lipids  was 

by  two-dimensional  silica  gel  chro- 
>hy  (8)  followed  by  analysis  of  the 
^  content  of  the  individual  spots  (13). 
P  content  of  lipids  extracted  after 
ilization  was  also  determined,  but 
iddual  phospholipids  in  these  very 
ctions  were  not  identified, 
es  (0.3  mg)  of  each  of  the  complexed 
•lated  from  all  of  the  tissues,  as  well 
1  noncomplexed  lipid  samples,  were 
ipended  in  10  ml  of  a  metastable 
phosphate  solution  (S)  and  the  sus- 
mixed  for  7  days  at  room  tempera- 
i  solid  formed  after  7  days  was  sep- 
f  centrifugation  (10  min  at  2000  rpm) 
Ca  and  PO4  concentration  of  the 
es  measured  by  atomic  absorption 
[lotometry  (14)  and  colorimetry  (12), 
ely,  for  comparison  with  the  com- 
of  the  original  metastable  solution, 
titic  nature  of  all  precipitates  was 
d  by  X-ray  diffraction  and  chemical 

(5). 

P.  Table  I  shows  that  for  all  ages  of 
studied,  a  Ca-PL-P04  complex  can 
ted  from  mineralized  tissues,  but  not 
>se  tissues  which  do  not  normally 
n  the  table  the  weight  percentage  of 
^  lipid  in  the  tissues  is  expressed  in 
^ays:  (a)  per  total  lipid  (CL/TL),  (b) 
ineralized  (i.e.,  organic)  dry  weight 
G),  and  (c)  per  dry  tissue  weight 
Also  listed  is  the  percentage  of  Upid 


P  in  the  complex:  (d)  per  total  Upid  P  (CL- 
P/TL-P),  and  (e)  per  total  acidic  phospho- 
Upid  P  (CL-P/APL-P).  The  acidic  phospho- 
Upids  were  phosphatidyl  inositol,  phosphati- 
dyl serine,  phosphatidic  acid,  and  lysophos- 
phatidyl  inositol.  Expressed  in  this  manner  it 
is  evident  that  the  complexed  Upids  were 
present  in  greatest  amount  in  the  most  ac- 
tively calcifying  tissues  (long  bone,  skuU  and 
scapula),  and  were  very  low  in  noncalcifying 
tissues  (marrow,  adipose,  muscle,  heart  and 
ear  cartilage). 

There  was  no  significant  difference  be- 
tween the  yield  of  complexed  Upids  obtained 
by  the  sonication  method  (A)  and  by  the 
enzyme  method  (B).  The  yield  of  complexed 
Upid  per  total  Upid  in  table  I  is  the  average 
yield  for  both  extraction  methods.  In  addi- 
tion, independent  of  the  method  used,  no 
additional  phosphoUpid  was  released  foUow- 
ing  EDTA  decalcification  of  the  extracted 
tissues. 

The  composition  of  several  of  the  isolated 
complexes  is  shown  in  Fig.  1.  Corroborating 
our  earUer  studies  (4),  aU  complexes  isolated, 
in  addition  to  those  shown  in  the  figure,  have 
a  Ca  to  total  phosphate  molar  ratio  of  1 : 1  and 
contained  variable  amounts  of  the  acidic 
phosphoUpids  and  inorganic  phosphate.  In 
addition,  each  of  the  isolated  complexes  when 
placed  in  the  metastable  calcium  phosphate 
solution  yielded  hydroxyapatite  at  the  same 
rate.  Figure  2  shows  that  the  rate  of  change 
in  composition  of  the  metastable  solution 
resulting  from  exposure  to  each  of  a  variety 
of  complexed  Upid  substrates  was  the  same 
after  the  same  time  interval.  The  noncom- 
plexed Upid  fraction  caused  no  change  in  the 
composition  of  these  metastable  solutions, 
(not  shown),  in  the  time  period  studied. 

Discussion,  Ca-PL-P04  complexes  were 
absent  from  aU  nonmineralized  tissues,  even 
those  rich  in  both  Upid  and  Ca.  This  fact, 
plus  the  observation  that  complexed  Upids 
are  present  in  aU  mineralizing  tissues,  reaf- 
firms the  view  that  the  complexes  play  some 
role  in  the  calcification  process.  We  have 
extended  our  earUer  study  (4)  to  show,  with 
a  greater  number  of  tissue  types  and  greater 
age  range,  that  the  highest  proportion  of  com- 
plexed Upids,  relative  to  a  number  of  tissue 
parameters,  is  found  in  the  younger,  actively 
growing  animals. 

It  was  previously  suggested  (4,  S)  that  the 
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TABLE  L  CoMPLEXED  Lipids  of  Mineralized  and  Non-Mineralized  Rabbit  Tissues. 


Tissue 

Agr- 

CL/TL* 

CL/ORC 

CL/V 

CL-P/TL-r 

CLP/APLP 

1-4  day 

16  ±2 

1.02  ±09 

0.65  ±  .07 

45±5 

73±8 

«-9 

11-9 

11-9 

11-6 

ji-3 

1  Mo 

11.5  ±2 

0.81  ±  .03 

0.34  ±  .03 

22.1  ±7 

45±5 

<i-  12 

11-12 

11-12 

11-6 

11-3 

4  Mo 

7.6  ±  .7 

0.27  ±  .03 

0.087  ±  .008 

12±2 

14  ±3 

<i-  12 

11-12 

<i-  12 

11-6 

11-3 

Adult 

4±  1 

0.25  ±  .04 

0.078  ±  .01 

10  ±2 

I0±3 

<i-  12 

n-12 

II-  12 

11-5 

ji-3 

SkuUbone 

l^day 

18±2 

0.37  ±  .07 

0.32  ±  .09 

33±5 

S8±6 

11-9 

11-9 

<i-9 

11-6 

11-3 

4  Mo 

14  ±2 

0.20  ±  .02 

0.54  ±  .05 

21  ±3 

27±3 

<i-9 

<i-9 

11-9 

<i-8 

11-3 

Adult 

11±2 

0.12  ±.02 

0.50  ±  .04 

15.4  ±0.5 

23±l 

11-11 

M-  11 

11-11 

<i-4 

11-3 

Incisor 

1-4  day 

16.5  ±  .2 

0.44  ±  .09 

0.072  ±  .005 

6.8  ±  .8 

52  ±4 

«-8 

<i-8 

<i-8 

n-3 

•  -3 

4  Mo 

4±3 

0.19  ±09 

0.02  ±01 

9.9  ±  .8 

10±2 

«-6 

11-6 

11-6 

n-3 

11-4 

Adult 

3±  1 

0.1  ±1 

0.002  ±  .001 

6±  1 

7±  1 

<i-  12 

11-12 

n-  12 

11-3 

11-3 

ScapuU 

1-4  day 

20.2  ±  .3 

0  59  ±  .03 

0.4  ±1 

47  ±6 

77±5 

11-9 

ji-9 

«-9 

«-5 

11-3 

4  Mo 

7. 13  ±.06 

0.6  ±.1 

0.080  ±  .007 

23±6 

27±3 

<i-9 

<i-9 

<i-9 

11-5 

11-3 

Adult 

1.5  ±4 

0.3  ±  .2 

0.049  ±  .009 

6.2  i;  .7 

6±2 

11-9 

11-9 

«-9 

11-3 

11-3 

Epiphyseal  cartilage 

1-4  day 

13.9  ±7 

0.72  ±  .03 

0.20  ±1 

9±  1 

10  ±  1 

<i-  10 

N-  10 

<i-  10 

11-3 

11-5 

4  Mo 

6±  1 

0.32  ±  .09 

0.14  ±03 

0.6  ±  1 

1  ±  1 

it-9 

11-9 

<i-9 

11-4 

11-5 

Marrow 

Aduh 

0.020  ±  .06 

0.058  ±004 

0.058  ±  .004 

0 

_ 

11-9 

11-9 

11-9 

11-3 

Adipose 

Adult 

0.021  ±  .02 

0.04  ±  .02 

0.04  ±  .02 

0 

_ 

«-9 

11-9 

«-9 

11-3 

Leg  muscle 

4  Mo 

0.03  ±  .02 

0.0022  ±  .0005 

0.0022  ±  .0005 

0 

_ 

<i-9 

11-9 

<i-9 

«-3 

Heart 

Adult 

0.020  ±.005 

0.002  ±  .001 

0.0022  ±  .0005 

0 

_ 

<i-9 

11-9 

n-9 

<i-3 

Ear  cartilage 


1-4  day 


0.00 


11-6 


11-6 


<i-3 


"  Rabtril  age.  1-4  days  -  50-70  g.  1  Mo  -  1.0-1.4  kg.  4  Mo  -  1.5-1.8  kg.  Adult  -  greater  than  3.5  kg. 

*  CL/TL,  wt.  %  complexed  lipid  per  total  lipid  ±SE  of  measurement  for  n  extractions. 

'  CL/ORG.  wt.  %  complexed  lipids  per  demineralized  (i.e..  organic)  dry  wt  ±SE  for  n  extractions. 

''  CL/T.  wt  %  complexed  lipids  per  dry  tissue  wt.,  ±SE  for  n  extractions. 

'  CL-P/TL-P.  %  organic  phosphorus  in  complexed  lipids  fraction  relative  to  organic  phosphorus  in  total  lipid  fraction.  ±SE  for  the  analysis  of  m 
complexes. 

'  CL-P/APL-K  %  organic  phosphorus  in  complexed  lipids  relative  to  organic  phosphorus  in  total  acidic  phospholipids  ±SE  for  the  analyses  of  m 
complexes. 


Ca~PL-P04  complexes  may  be  components 
of  the  extracellular  matrix  vesicles  known  to 
be  present  in  all  mineralized  tissues  (IS) 
and/or  components  of  the  membranes  of  cal- 
cifying cells  (16).  Wuthier  has  recently  re- 
ported the  isolation  of  such  Ca-PL-P04  com- 
plexes  from  epiphyseal  cartilage  matrix  vesi- 


cles in  amounts  constant  per  unit  vesicle  (17). 
Since  the  presence  of  extracellular  matrix 
vesicles  is  associated  with  the  onset  of  min- 
eralization (IS)  it  is  not  surprising  that  our 
greatest  yields  of  complex  were  obtained  from 
those  tissues  which  are  most  actively  forming 
new  mineral. 
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1 

1.  The  mean  chemical  composition  (mole  %)  of 
PO4  complexes  extracted  from  a  variety  of  cal- 
sues. 


SEVEN  DAY  CALCIFICATION 
(M  ((Bmq/rnl) 
"O4  conplnn  from4  montn  old  rjbbil: 


■  Ca 

0^4 


m  M  06 

A  mmoles  'ml 


2.  The  effect,  after  7  days  (25°),  of  a  series  of 
Dd  lipid  substrates,  extracted  from  different  tis- 
ihe  level  of  Ca  and  PO4  in  a  metastable  Ca-P04 
The  composition  of  the  original  metastable 
was  1  mA/  Ca,  1  mA/  HPO4.  pH  7.5,  0.05  Ai 
1. 

ies  are  underway  in  our  laboratory  to 
ine  the  distribution  and  the  concentra- 
the  complex  in  the  zones  of  the  epi- 
[  growth  plate.  In  addition,  we  are 
;  to  determine  whether  Ca-PL-P04 
xes  are  components  of  the  proteolipids 
others  (18-20)  have  isolated  from 
lizing  tissues  and  which  have  been 
to  induce  in  vitro  hydroxyapatite  for- 

mary.  Calcium  -  phospholipid  -  phos  - 
x)mplexes  have  been  isolated  from  mi- 
ed  tissues  using  a  sonication-depend- 
thod  described  previously  and  a  new 
1  which  depends  on  the  use  of  enzymes 
ove  the  nonlipid  matrix  from  tissues 
were  decalcified  under  mild  condi- 
;oth  methods  gave  comparable  results, 
mplexes  were  found  to  be  constituents 


of  all  mineralized  rabbit  tissues;  bone,  calci- 
fied cartilage,  and  tooth.  No  such  complexes 
could  be  isolated  from  the  nonmineralized 
tissues;  muscle,  ear  cartilage,  bone  marrow, 
adipose  tissue.  The  proportion  of  Ca-PL-P04 
is  highest  in  those  tissues  which  are  involved 
in  active  mineralization,  i.e.,  the  younger  tis- 
sues. All  complexes  isolated  from  mineralized 
tissues  contain  SO  mole  %  Ca,  and  variable 
amounts  of  the  acidic  phospholipids  and  in- 
organic phosphate.  However,  the  Ca:total  P 
molar  ratio  was  always  unity.  All  isolated 
complexes  were  shown  to  induce  in  vitro  hy- 
droxyapatite formation  from  metastable  od- 
cium  phosphate  solution  and,  thus,  are  be- 
lieved to  be  associated  with  in  vivo  calcifica- 
tion. 
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Recent  observations  on  the  binding  of  es- 
trogens to  a-fetoprotein  (AFP)  have  created 
considerable  interest  in  the  possible  func- 
tional significance  of  this  interaction.  Both 
rat  and  mouse  AFP  bind  estrone  and  estra- 
diol-17)S  with  a  high  affinity  and  specificity, 
suggesting  that  the  interaction  may  be  biolog- 
ically significant  (1-6).  One  suggestion  is  that 
AFP  may  protect  certain  tissues  from  expo- 
sure to  high  estrogen  levels  during  critical 
stages  of  their  development  (7-10). 

Another  possibility  is  that  AFP  may  in 
some  way  be  involved  in  the  action  of  estro- 
gens in  target  tissues.  A  recent  report  by  Uriel 
et  al  (11)  supports  this  possibility.  These 
investigators  demonstrated  an  immunological 
similarity  between  rat  AFP  and  the  uterine 
estrogen  receptor  using  an  affinity  resin  con- 
taining anti-AFP  antibody.  While  the  low 
salt,  8S  estrogen  receptor  did  not  interact  with 
AFP  antibody,  the  salt-dissociated  4S  recep- 
tor form  was  adsorbed  to  the  afiinity  resin. 
From  these  results,  it  was  suggested  that  AFP 
is  the  uterine  estrogen  binding  protein  and 
that  AFP  associates  with  another  cellular 
component  to  form  an  8S  complex  which  is 
resistant  to  anti-AFP  antibody.  This  is  an 
exciting  proposal  that  could  have  extensive 
implications  as  to  the  evolutionary  origin  of 
these  proteins  and  their  functional  diversity 
throughout  development  of  the  organism. 

We  have  attempted  to  confirm  these  obser- 
vations in  the  mouse  using  similar  techniques. 
A  partial  adsorption  of  uterine  estrogen  re- 
ceptor to  an  anti-AFP  affinity  resin  was  ob- 
served; however,  a  number  of  controlled  ex- 
periments indicate  that  this  binding  was  not 
to  anti-AFP  antibody  but  appeared  to  be  a 
nonspecific  interaction  with  the  resin. 

Materials  and  methods,  [2,4,6,7-^H]Estra- 
diol-17)S  (91.3  Ci/mmol)  was  obtained  from 


New  England  Nuclear.  Unlabeled  estradiol 
ovalbumin,  and  activated  charcoal  were  from 
Sigma;  Sepharose-4B  and  dextran  T-70  from 
Pharmacia,  Uppsala,  Sweden;  and  Biogel  P- 
20,  from  Bio-Rad  Labs. 

Amniotic  fluid  was  obtained  from 
HA/ICR  Mice  by  puncturing  the  amniotic 
sacs  of  animals  on  the  IS- 18th  day  of  preg- 
nancy. The  fluid  had  a  protein  concentration 
of  atx)ut  3  mg/ml  and  was  stored  at  —20°. 

Female  HA/ICR  mice  (20-30  days  old) 
were  used  as  a  source  of  estrogen  receptor. 
The  uteri  were  removed  immediately  after 
cervical  dislocation,  trimmed  of  fat  and 
placed  in  saline  at  4^.  They  were  then  trans- 
fered  to  TE  buffer  (10  xnM  Tris-HCl,  2  m^ 
Na2EDTA,  2  mM  mercaptoethanol,  pH  7.4) 
(S  uteri/ml)  and  homogenized  using  a  Poly- 
tron  PTIO  homogenizer  (Brinkman).  The  cy- 
tosol  fraction  was  obtained  by  centrifiigation 
for  1  hr  at  lS0,000g.  Solid  KCl  was  then 
added  to  the  cytosol  to  a  concentration  of  0.4 
M, 

Antisera  to  AFP  and  transferrin  were  pre- 
pared from  mouse  amniotic  fluid  (MAF)  as 
follows.  MAF  was  chromatographed  on  Bio- 
gel P-20  to  remove  low  molecular  weight 
components.  The  void  volume  was  pooled 
and  subjected  to  polyacrylamide  electropho- 
resis at  pH  9.5  in  5%  gels  (12).  The  gels  were 
then  sliced  with  a  Gilson  gel  crusher  and 
eluted  with  phosphate  buflered  saline,  pH  7.2 
using  1  mm  slices.  The  locations  of  the  AFP 
and  transferrin  in  the  eluted  fractions  were 
tested  using  specific  antisera  as  well  as  anti- 
sera  against  anti-whole  mouse  serum.  Frac- 
tions showing  only  AFP  or  transferrin  by 
Ouchterlony  were  used  to  prepare  antisera  in 
rabbits.  Mouse  a-1  antitrypsin  (alAT)  was 
prepared  as  previously  described  for  the  hu- 
man (13).  Anti-AFP  showed  a  single  line  by 
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Ouchterlony  gel  difTusion  and  immunoelec- 
trophoresis  with  MAF  and  no  reactions  with 
normal  adult  mouse  serum.  Rabbit  anti 
mouse  alAT  and  anti  transferrin  were  mon- 
ospecific as  tested  by  gel  diffusion  and  im- 
munoelectrophoresis.  The  a-globulins  of 
these  antisera  were  precipitated  with  ammo- 
nium sulfate  and  linked  to  Sepharose-4B  by 
cyanogen  bromide  (14). 

Uterine  cytosol  was  mixed  with  the  im- 
munoadsorbant  resins  in  the  proportion  0.8 
ml  cytosol  to  0.2  ml  packed  resin.  The  mix- 
tures were  incubated  for  3  hr  at  5^  with  gentle 
shaking.  Similar  incubations  were  performed 
using  mouse  anmiotic  fluid  in  place  of  uterine 
cytosol.  The  anmiotic  fluid  was  first  diluted 
200-fold  in  TE  buffer  plus  0.4  M  KCl  and 
ovalbumin,  1  mg/ml.  One  milliliter  portions 
were  mixed  with  0.2  ml  packed  resin  and 
incubated  for  3  hr  at  S^  with  gentle  shaking. 

After  incubation,  the  samples  were  centri- 
fuged  (2  min,  800g)  to  remove  resin  and  the 
supernatant  fluids  were  tested  for  [^H]-estra- 
diol  binding.  This  was  accomplished  by  mix- 
ing duplicate  aliquots  (0.3  ml  of  cytosol  sam- 
ples or  0.05  ml  of  amniotic  fluid  samples) 
with  TE  buffer  +  0.4  M  KCl  to  a  final  volume 
of  0.5  ml.  pH]Estradiol  (in  TE  buffer)  was 
also  added  to  a  final  concentration  of  1  X 
10~^  M,  Additional  assay  tubes  were  included 
which  contained  a  400-fold  excess  of  unla- 
beled estradiol  for  background  determina- 
tions. The  assay  tubes  were  incubated  in  ice 
bath  for  16  hr.  The  bound  and  unbound 
hormone  were  then  separated  by  charcoal 
treatment  (15,  16).  Five-tenth  milliliter  of 
charcoal  suspension  (0.25%  charcoal,  0.025% 
dextran  in  TE  buffer)  was  added  to  each 
assay  tube  and  mixed  rapidly.  The  samples 
containing  amniotic  fluid  were  centrifuged 
immediately  (lOOOg,  5  min)  to  minimize  dis- 
sociation of  the  estradiol- AFP  complex  (dis- 
sociation was  estimated  to  be  less  than  20%). 
The  samples  containing  uterine  fluid  were 
incubated  with  charcoal  for  10  min  at  4^.  The 
estradiol  receptor  complex  does  not  dissociate 
significantly  during  this  treatment  (15).  After 
centrifugation,  the  supematants  containing 
the  bound  hormone  were  decanted  into  scin- 


tillation counting  vials,  and  5  ml  of  scintilla- 
tion fluid  (1000  ml  toluene  plus  42  ml  Scin- 
tiprep  #1,  Fisher)  were  added  to  each  vial. 
After  waiting  3  hr  to  extract  the  [^H]estradiol 
into  the  toluene  phase,  the  radioactivity  was 
measured  with  48%  efficiency. 

Results.  In  the  studies  of  Uriel  et  al,  estra- 
diol binding  was  determined  by  sedimenting 
the  complex  on  sucrose  gradients  (11).  We 
used  this  technique  in  our  initial  experiments 
with  only  limited  success.  There  was  some 
loss  of  estradiol  binding  when  samples  were 
treated  with  the  anti-AFP  antibody  resin. 
However,  the  results  were  variable  and  the 
loss  of  binding  was  not  complete.  In  addition, 
the  sucrose  gradient  analysis  is  complicated 
by  the  fact  that,  under  the  ionic  conditions  of 
these  experiments  (0.4  M  KCl),  both  the  re- 
ceptor and  AFP  sediment  in  the  4S  region. 
Therefore,  we  decided  to  use  the  charcoal 
adsorption  assay  which  we  felt  was  more 
quantitative  and  would  readily  distinguish 
receptor  binding  from  binding  which  was 
either  non-specific  or  to  components  with 
lesser  affinity. 

Although  it  is  possible  to  measure  accu- 
rately estrogen  binding  to  mouse  AFP  using 
the  charcoal  techniques,  the  charcoal  incu- 
bation must  be  brief  and  precisely  timed  be- 
cause of  the  rapid  rate  of  estradiol  dissocia- 
tion from  AFP.  This  property  was  used  to 
easily  distinguish  hormone  binding  to  AFP 
and  to  the  estrogen  receptor.  The  estradiol- 
AFP  complex  dissociates  rapidly  and  is  90% 
dissociated  after  10  min  of  charcoal  incuba- 
tion (Fig.  1).  The  half-time  for  hormone  dis- 
sociation is  between  2  and  3  min.  This  is 
somewhat  faster  than  the  dissociation  rate  of 
the  estradiol- AFP  complex  in  the  rat  (16). 
That  the  observed  binding  was  actually  to 
AFP  was  verified  in  separate  experiments 
which  showed  the  affinity  and  specificity  of 
binding  to  be  very  consistent  with  previous 
studies  (1-6).  In  addition,  the  binding  was 
selectively  removed  by  antibody  to  mouse 
AFP  (see  below). 

Contrary  to  the  results  with  AFP,  the  bind- 
ing in  uterine  cytosol  is  almost  completely 
stable  during  a  10-min  period  oC  c^^6s»^^ 
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Charcoal  incubation  tima,  min 
Fig.  1.  Theeffectofcharcoal  treatment  on  the  bind- 
ing of  pH]estradiol  to  receptors  in  uterine  cytosol  or  to 
AFP  from  amniotic  fluid.  A  series  of  assay  tubes  (in 
duplicate)  were  prepared  containing  either  0.3  ml  cytosol 
or  O.OS  ml  amniotic  fluid  (diluted  2(X)-fold)  in  a  final 
volume  of  0.5  ml.  The  samples  were  incubated  with  1 
X  10'®  M  pH]estradiol  for  16  hr  and  then  treated  with 
charcoal  (see  Methods  and  Materials)  for  various  time 
periods.  The  bound  hormone  in  the  supernatant  was 
measured  after  centrifugation.  The  value  for  100%  bind- 
ing in  the  AFP  assay  was  estimated  by  graphing  CPM 
bound  on  a  log  scale  versus  time  and  extrapolating  to 
zero  time.  These  values  were  2600  cpm  for  AFP  and 
25,000  cpm  for  the  uterine  cytosol. 


same  bleeding  in  both  cases.  This  suggested 
that  the  first  results  may  have  also  been  non- 
specific. 

To  verify  the  effectiveness  of  the  anti- AFP 
antibody  resin,  the  binding  of  pH]-estnuiiol 
to  AFP  from  mouse  amniotic  fluid  was  tested 
before  and  after  resin  treatment  (Fig.  3).  The 
hormone  binding  was  completely  removed  by 
the  anti-AFP  resin,  but  no  effect  was  ob- 
served after  treatment  with  the  four  control 
resins.  Therefore,  the  experimental  condi- 
tions were  quite  adequate  for  achieving  the 
selective  removal  of  AFP  from  solution.  Both 
antitransferrin  and  the  anti-alAT  completely 
removed  their  respective  antigens  from  MAP 
as  tested  immunologically. 

Several  experiments  of  the  type  illustrated 
in  Fig.  2  were  performed  and  while  variable 
losses  of  hormone  binding  occurred  in  these 
experiments,  in  no  case  was  there  a  selective 
removal  of  receptor  binding  by  the  anti-AFP 
antibody  resin. 

Discussion,  The  present  results  do  not  sup- 
port the  idea  of  antigenic  similarity  between 


treatment  (Fig.  1).  This  agrees  with  other 
reports  which  have  shown  the  dissociation  of 
estradiol-receptor  complex  to  be  extremely 
slow  at  (M°  (15,  18).  Therefore,  the  10-min 
charcoal  treatment  would  easily  distinguish 
between  binding  to  uterine  receptor  or  to 
AFP. 

Figure  2A  illustrates  the  binding  of  pH]- 
estradiol  in  uterine  cytosol  after  the  cytosol 
had  been  treated  with  Sepharose  containing 
anti-AFP  antibody  (see  legend  and  Methods 
section  for  details).  While  there  was  some  loss 
in  binding  after  the  treatment,  this  appeared 
to  be  nonspecific  since  comparable  losses  oc- 
curred after  treatment  with  anti-alAT  anti- 
body, ovalbumin  linked  to  Sepharose,  or  with 
Sepharose  alone.  A  much  greater  loss  oc- 
curred after  treatment  with  Sepharose  con- 
taining anti-transferrin  antibody.  Since  this 
column  had  been  in  use  for  6  months  or 
more,  we  subsequently  prepared  a  second 
antitransferrin  antibody  resin  and  this  did  not 
show  the  same  results  (Fig.  2B)  even  though 
the  immunoabsorbant  was  prepared  from  the 
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Fig.  2.  The  binding  of  (^H]estradiol  in  uterine  cyto- 
sol after  treatment  with  Sepharose  resins.  Samples  were 
incubated  with  the  resins  indicated  for  3  hr  at  5**.  The 
resins  were  removed  by  centrifugation  and  the  binding 
of  ('^H]estradiol  was  measured  in  the  remaining  super- 
natant fractions.  Values  are  expressed  as  percent  of 
control.  The  control  samples  had  no  resin  treatment. 
Experiment  A:  Samples  of  uterine  cytosol  were  incubated 
with  the  following  resins:  anti-AFP  antibody-Sepharose, 
AFP;  anti-al  AT  antibody-Sepharose,  AT;  antitransferin 
antibody-Sepharose,  Tfi,  (first  preparation);  ovalbu- 
min-Sepharose,  Ov;  untreated  Sepharose.  S.  The  control 
binding  was  36,500  cpm  and  the  background  (plus  500- 
fold  excess  unlabeled  estradiol)  was  2000  cpm.  Experi- 
ment B:  This  experiment  was  performed  exactly  as  ex- 
periment A  and  represents  a  comparison  of  two  prepa- 
rations of  antitransferin  antibody-Sepharose,  Tfi,  and 
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G.  3.  The  binding  of[^H]estradiol  in  amniotic  fluid 
treatment  with  Sepharose  resins.  Samples  of  am- 
;  fluid  were  treated  with  the  indicated  resins  and 
stradiol  binding  was  measured  in  the  remaining 
natant  fractions.  The  control  value  (without  resin 
nent)  was  27,000  cpm  and  the  background  was  1000 


estrogen  receptor  and  AFP.  In  several 
;riments,  we  found  that  the  estrogen  re- 
or  was  adsorbed,  in  part,  to  resins  of 
lobilized  AFP  antibody.  However,  these 
Its  were  variable  and  the  receptor  adsorp- 

was  never  complete.  In  addition,  this 
^rption  appeared  to  be  rather  nonspecific 
s  a  similar  adsorption  of  receptor  was 
!rved  using  several  other  control  resins 
:h  did  not  contain  AFP  antibody.  These 
^rvations  are  not  surprising  since  several 
stigators  have  noted  a  tendency  of  estro- 
receptor  to  aggregate  and  to  adsorb  to 
Dus  surfaces  (19-21). 
he  binding  analysis  used  in  the  present 
y  is  different  than  that  of  Uriel  et  al  who 
I  sucrose  gradient  centrifiigation  (11). 
/ever,  in  our  initial  studies  using  sucrose 
lient  centrifugation  (data  not  shown),  the 
Its  were  similar  to  those  illustrated  here 
I  the  charcoal  adsorption  assay. 

recent  report  by  Radanyi  et  al  (17)  also 
cated  that  rat  AFP  and  the  uterine  estro- 

receptor  were  separate  proteins.  Their 
dusions  were  based  on  a  comparison  of 
binding  specificities  and  dissociation  rates 
hese  components.  Another  preliminary 
»rt  by  LaBarbera  and  Linkie  (22)  claimed 
ck  of  interaction  between  the  rat  uterine 


estrogen  receptor  and  antibody  to  rat  AFP  in 
solution. 

It  is  possible  that  antigenic  similarities  oc- 
cur between  AFP  and  estrogen  receptor  of 
the  rat,  but  not  the  mouse.  However,  this 
seems  very  unlikely  since  the  two  species  are 
closely  related.  Another  possibility  is  that  a 
small  region  of  similarity  exists  between  AFP 
and  estrogen  receptor.  For  example,  some 
similarities  may  well  exist  at  the  steroid  bind- 
ing sites  of  the  two  molecules.  If  the  common 
region  represented  an  antigenic  determinant 
in  the  system  of  Uriel  et  al  but  not  in  our 
system,  then  our  discrepant  results  could  be 
explained.  We  have  found  that  our  antiserum 
does  not  mask  the  estrogen  binding  site  of 
mouse  AFP  since  the  ability  to  bind  steroid 
is  not  diminished  after  the  interaction  of  AFP 
with  antibody. 

While  the  above  possibilities  exist,  we  feel 
that  the  simplest  and  most  likely  interpreta- 
tion is  that  there  really  is  no  antigenic  simi- 
larity between  AFP  and  estrogen  receptor. 
These  proteins  have  very  difTerent  physi- 
ochemical  properties  even  though  they  both 
bind  estrogen.  Both  the  affinity  and  specific- 
ity of  estrogen  binding  by  AFP  differ  from 
receptor  binding  (11,  17,  23).  The  rate  of 
dissociation  of  estradiol  by  AFP  is  very  rapid 
in  comparison  to  receptor  binding.  Also  we 
have  observed  that  unlike  the  estrogen  recep- 
tor, AFP  is  a  stable  protein.  Its  binding  activ- 
ity is  insensitive  to  sulfhydril  agents  such  as 
^-ethylmaleimide  and  it  can  withstand  in- 
cubations at  elevated  temperatures  (e.g.,  10 
min,  60^).  Finally,  estrogen  receptors  have 
very  similar  properties  among  all  mammalian 
species  that  have  been  studied  (24),  whereas 
estrogen  binding  by  AFP  shows  species  dif- 
ferences and  bovine  and  human  AFP  have 
little  or  no  affinity  for  estrogens  (7;  N.  Cal- 
vanico,  D.  Toft,  and  T.  Tomasi,  unpub- 
lished). 

Summary,  This  study  was  an  attempt  to 
identify  antigenic  similarity  between  two  es- 
trogen binding  proteins  in  the  mouse;  the 
uterine  estrogen  receptor  and  a-fetoprotein. 
The  adsorption  of  these  proteins  onto  an 
affinity  resin  containing  inmiobilized  anti- 


598 


a-FETOPROTEIN  AND  THE  ESTROGEN  RECEPTOR 


body  to  a-fetoprotein  was  tested.  Alpha-fe- 
toprotein  could  be  selectively  bound  to  this 
resin.  On  the  other  hand,  estrogen  receptor 
was  only  partially  bound  to  the  resin  and  this 
appear^  to  represent  a  nonspecific  adsorp- 
tion to  the  resin  when  tested  against  several 
control  resins.  Therefore,  no  antigenic  simi- 
larity between  these  two  proteins  was  ob- 
served. 
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It  laboratory  methods  for  the  sepa- 
f  granulocytes  are,  to  a  greater  or 
sgree,  damaging  to  the  cells.  The 

most  frequently  used  are  isopyknic 
gradient  centrifugation  and  separa- 
the  reversible  adhesion  to  nylon  or 
faces.  The  harmful  effects  of  these 
res  have  been  reported  by  a  number 
igators  (1,2).  These  methods  subject 

to  the  physical  trauma  of  repeated 
;ation  and  packing,  are  laborious  and 
>w  granulocyte  yields.  Clearly,  there 

for  a  better  technique  for  separation 
locytes. 

N  process,  CE,^  has  been  recently 
ed  and  successfully  used  for  the  iso- 
f  a  number  of  different  cell  types 
L  this  process  sedimentation  of  cells 
^ntrifugal  force  is  counteracted  by  the 
;  force  of  liquid  flow.  The  cell  sepa- 
isults  when  a  portion  of  the  cell  pop- 
las  a  sedimentation  rate  slower  than 

velocity  and  is  washed  out  from  the 
)n  chamber,  while  more  rapidly  sed- 
;  cells  remain  suspended  in  the  cham- 
i  retained  cells  are  eluted  either  by 
ig  the  flow  rate  or  by  decreasing  the 
e«d.  During  this  separation  process, 
dng  and  prolonged  contact  with  for- 
aces  are  avoided.  This  method  allows 
of  any  physiologically  suitable  me- 
roduces  a  high  yield  of  cell  fractions 
ligh  degree  of  purification,  and  re- 
relatively  short  processing  time, 
attempt  to  utilize  CE  for  separation 
ilocytes  frohi  whole  human  blood, 
1  et  al  (8)  reported  that  it  was  nec- 
rst  to  enrich  the  leukocyte  population 
tran-sedimentation  of  blood  before 
3hocyte-free  granulocyte  preparation 
e  obtained  by  elutriation.  Because 
1  advantages  of  CE  promise  to  elim- 

[>rk  was  supported  by  the  NIH  Grant  No.  CA 


inate  many  shortcomings  of  the  previous 
techniques,  we  have  investigated  the  feasibil- 
ity of  employing  CE  for  the  one-step  separa- 
tion of  granulocytes  from  whole  human 
blood.  Tlus  investigation  and  our  earlier  stud- 
ies (9,  10)  show  that,  with  proper  modifica- 
tion, the  CE  process  is  most  effective  for 
separation  of  granulocytes  from  whole  hu- 
man blood  without  the  need  for  the  leukocyte 
enrichment  step. 

Materials  and  Methods.  Blood  collection. 
Blood  (S  ml)  was  collected  by  venipuncture 
from  healthy  volunteers.  It  was  immediately 
diluted  tenfold  with  HBSS^  which  effectively 
prevents  blood  clotting  for  several  hours.  This 
method  was  adapted  from  the  procedure  re- 
ported by  Chodirker  etal,  {I  I)  in  which  blood 
clotting  was  prevented  by  twentyfold  dilution 
with  saline  containing  0.1%  bovine  serum. 
For  comparison,  blood  was  anticoagulated  by 
heparin  (10  U/ml),  and  then  used  either  un- 
diluted or  diluted  tenfold. 

Cell  separation  system.  The  Beckman  JE-6 
elutriator  rotor  was  used  in  the  Beckman  J- 
21  preparative  centrifuge.  In  order  to  achieve 
maximal  cell  yield  and  minimal  dilution  of 
the  purified  granulocytes,  the  flow  system  of 
the  Beckman  elutriator  has  been  substantially 
modified  by  the  senior  author.  The  main 
modification  is  in  providing  the  means  for 
reversing  the  direction  of  fluid  flow  through 
the  separation  chamber  in  the  rotor  while  the 
system  is  in  operation.  This  is  accomplished 
by  using  a  compound  valve  which  reverses 
both  the  direction  of  fluid  flow  and  at  the 
same  time  changes  the  exit  line  from  waste  to 
sample  collection.  The  diagramatic  represen- 
tation of  this  new  flow  system  is  shown  in 
Fig.  1.  Changing  the  centripetally  oriented 
flow  after  the  completion  of  elutriation  to  the 
centrifugal  direction  aligns  the  action  of  both 
the  fluid  drag  and  the  centrifugal  force.  This 
facilitates  the  evacuation  of  granulocytes 
from  the  separation  chamber.  As  a  result,  the 


fers  to  centrifugal  elutriation. 


^  HBSS  refers  to  Hanks*  balanced  salt  solution. 
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concentrated  suspension  of  granulocytes  can 
be  collected  in  aliquots  of  small  volume  (S  to 
8  ml).  In  contrast,  elution  of  cells  by  the 
original  Beckman  system  yields  collected  cells 
in  aliquots  of  much  larger  volume  (ISO  ml). 
Once  the  cells  are  eluted,  the  system  is  ready 
for  the  next  run,  so  that  many  blood  samples 
can  be  successively  processc^i.  By  reversing 
back  and  forth  the  direction  of  flow,  it  is 
possible  to  unclog  the  separation  chamber 
from  cell  pellet  while  the  system  is  in  opera- 
tion should  cell  packing  occur.  Another  mod- 
ification of  the  Beckman  system  is  that  the 
mixing  chamber  was  replaced  with  the  in- 
verted sample  bottle  as  shown  in  Fig.  1.  Dur- 
ing the  loading  step  the  diluted  blood  is  dis- 
placed by  air  from  the  sample  bottle  and 
driven  along  the  fluid  line  into  the  rotor,  and 
into  the  separation  chamber. 

CE  procedure.  The  CE  procedure  starts  by 
purging  air  from  the  assembled  flow  system 
which  is  facilitated  by  reversing  the  direction 
of  flow  several  times.  The  rotor  speed  is  then 
set  and  maintained  at  2S00  rpm  throughout 
the  entire  operation.  Rotor  speeds  lower  or 
higher  than  2S00  rpm  have  been  found  less 
suitable,  as  will  be  discussed  later.  During  the 
loading  of  the  diluted  blood,  the  rate  of  the 
fluid  flow  is  maintained  at  1 1  ml/min.  Fol- 
lowing completion  of  the  blood  loading  the 
flow  rate  is  increased  to  14  ml/min.  After 
approximately  IS  min,  the  separation  cham- 
ber begins  to  clear  at  its  centripetal  side  while 
remaining  turbid  at  the  other  side  (Fig.  2). 
The  visible  turbid  zone  upon  microscopic 
examination  was  found  to  consist  predomi- 
nantly of  granulocytes  mixed  with  some  red 


cells.  To  speed  up  the  purification  proce 
flow  rate  is  increased  until  the  bounds 
the  turbid  zone  is  displaced  to  the  top 
wide  side  of  the  chamber.  Based  on  a 
of  68  experiments,  optimal  flow  rate  fc 
aration  of  granulocytes  was  found  to 
from  14  to  3S  ml/min,  depending  upc 
individual  donor.  The  flow  rates  from  i 
of  a  total  of  68  runs  were  in  the  ran 
14-2S  ml/min.  Blood  specimens  used  f( 
study  were  obtained  from  eight  subjeci 
correlation  was  found  between  the  indi^ 
subjects  and  the  flow  rate  variations 
measured  on  diflerent  days.  Howeve 
flow  rates  were  highly  reproducible  froi 
to  run,  when  measured  on  the  same  da} 
blood  from  the  same  subject.  Followi 
min  of  elutriation  the  granulocyte  suspe 
becomes  virtually  free  of  red  cells  and 
phocytes.  The  concentrated  granulocyte 
then  collected  by  reversing  the  directi( 
the  flow  through  the  separation  chamber 
entire  system  was  maintained  at  room 
perature  throughout  the  operation. 

Dextran-seiSmentaiion.  For  compai 
leukocytes  were  collected  by  the  dextran 
imentation  technique  (12).  Five  ml  of  1 
rinized  (10  U/ml)  blood  were  mixed 
equal  volume  of  3%  Dextran  SOOO  (Pha 
da,  Uppsala,  Sweden)  in  saline  and  all< 
to  sediment  at  room  temperature  for  4S 
The  leukocyte-rich  supernatant  was  ' 
drawn,  centrifiiged  at  80g  for  6  min, 
washed  twice  with  HESS.  The  numb 
granulocytes  per  ml  was  determined  by  i 
a  hemacytometer. 

Evaluation  of  granulocyte  Junction. 


Fig.  1.  Flow  diagram  of  the  modified  centrifugal  elutriation  system. 
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Fig.  2.  Beckman*s  separation  chamber  in  the  process  of  elutriation,  photographed  with  the  strobe  light.  Tfc 
bottom  two  thirds  of  the  chamber  contains  a  suspension  of  purified  granulocytes  separated  from  5  ml  of  whol 
blood.  Clotting  was  prevented  by  tenfold  dilution  of  the  blood.  2  x  enlargement. 


function  of  granulocytes  isolated  by  CE  at 
different  rotor  speeds  (2500,  3000,  4000  and 
5000  rpm)  was  evaluated  for  their  bactericidal 
and  phagocytic  abiUties  and  their  membrane 
integrity.  The  ability  of  granulocytes  to  kill 
^.  aureus  was  compared  to  that  of  dextran- 
sedimented  leukocytes  from  the  same  donor. 
Each  sample  tube  contained  0. 1  ml  cell  sus- 
pension (1  X  10^  granulocytes),  0.1  ml  AB+ 
serum,  0.02S  ml  bacterial  suspension  (1  x  10^ 


bacteria),  and  0.775  ml  HBSS.  Samples  wei 
incubated  at  37*"  for  120  min.  Then,  the 
were  plated  on  agar,  incubated  at  37°  for  2 
hr  and  analyzed  for  bacterial  growth.  Resul 
were  expressed  as  the  number  of  bacteri 
surviving  after  120  min  of  incubation  wit 
granulocytes  (13).  Phagocytic  function  an 
membrane  integrity  of  granulocytes  were  ai 
alyzed  by  our  method  ( 14)  involving  the  con 
bined  use  of  fluorescein  diacetate,  ethidiui 
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bromide,  and  zymosan  particles.  This  method 
allows  easy  distinction  between  phagocytiz- 
ing  cells,  nonphagocytizing  cells,  and  dead 
cells. 

Results,  Granulocyte  separation.  The  results 
of  this  study  on  the  use  of  the  modified  CE 
system  for  separation  of  granulocytes  from 
blood  are  based  on  daily  experimental  runs 
conducted  over  a  period  of  two  years.  The 
systematic  study  of  different  flow  rates  during 
the  loading  of  whole  blood  revealed  that  the 
flow  rate  must  initially  be  kept  low  (11 
ml/min).  To  obtain  maximal  granulocytes 
yield  the  volume  of  loaded  blood  should  not 
exceed  S  ml.  Loading  larger  volume  of  whole 
blood  than  5  ml  results  in  considerable  loss 
in  recovery  of  granulocytes.  Apparently,  this 
is  due  to  overcrowding  of  cells  in  the  cham- 
ber. When  tenfold  diluted  blood  is  used  then 
a  total  of  10  ml  whole  blood  can  be  loaded 
without  significantly  reducing  the  granulo- 
cyte yield.  The  initial  dilution  allows  red 
blood  cells  to  be  continuously  eluted  from  the 
separation  chamber  during  loading  which  re- 
lieves the  overcrowding  and  improves  the 
condition  for  retention  of  granulocytes. 

The  entire  procedure  for  separating  gran- 
ulocytes from  5  ml  of  whole  blood  takes 
between  30  and  3S  min  at  2500  rpm,  depend- 
ing upon  donor.  The  collected  granulocyte 
preparation  contains  approximately  2:1  ratio 
of  erythrocytes  to  granulocytes.  At  this  point 
very  few  lymphocytes  are  present.  From  5  ml 
of  whole  blood,  the  number  of  lymphocytes 
and  granulocytes  from  five  separate  experi- 
ments averaged  2.0  x  10*  ±  1.9  x  10*  and 
137  X  10*  ±  46  X  10*  cells  respectively.  The 
few  lymphocytes  present  constituted  only 
about  1.7%  of  the  total.  A  complete  removed 
of  both  lymphocytes  and  erythrocytes  can  be 
achieved  after  about  90  min  of  elutriation. 
Larger  blood  samples  of  up  to  30  ml  after 


tenfold  dilution  with  HBSS  can  also  be  proc- 
essed with  fair  yields  of  granulocytes. 

Granulocyte  yield  Yields  of  granulocytes 
separated  by  this  procedure  from  diluted 
blood  can  be  as  high  as  100%.  Typically,  the 
yield  approaches  90%,  with  an  average  value 
of  87%.  Lymphocytes  present  in  the  separated 
granulocyte  samples  gave  an  average  value  of 
1.2  ±  1.1%.  The  calculation  of  granulocyte 
yield  was  based  on  differential  WBC  counts 
in  the  samples  of  whole  blood  before  elutria- 
tion and  in  the  collected  granulocytes  afier 
elutriation. 

Cell  evaluation.  Granulocytes  isolated  by 
CE  at  different  rotor  speeds  and  different 
flow  rates  were  evaluated  for  their  bacteri- 
cidal function,  phagocytic  activity  and  mem- 
brane integrity.  The  results  of  these  tests  are 
presented  in  Table  L  It  is  evident  from  these 
data  that,  at  a  rotor  speed  of  2S00  rpm  and  a 
flow  rate  of  21  ml/min,  the  ability  of  granu- 
locytes to  kill  S,  aureus  is  comparable  to  that 
of  Dextran-sedimented  control  cells.  How- 
ever, with  the  increase  of  rotor  speed  up  to 
SOOO  rpm  and  higher  flow  rates  up  to  80 
ml/min,  there  is  a  significant  decrease  in  the 
bactericidal  ability  of  granulocytes.  Phago- 
cytic function  and  membrane  integrity  tests 
show  an  apparent  decrease  in  phagocytic  ca- 
pacity up  to  4000  rpm  while  membrane  integ- 
rity did  not  display  significant  changes  with 
increase  in  rotor  speeds.  Phagocytic  function 
of  granulocytes  obtained  at  SOOO  rpm  appean 
to  approach  the  level  observed  with  ceDs 
elutriated  at  2S00  rpm.  At  this  high  rotor 
speed  the  elutriation  rate  is  very  high  (80 
rnl/min),  therefore,  a  much  shorter  time  (10 
min)  is  required  to  separate  granulocytes  al- 
most free  of  lymphocytes  and  red  ceUs  than 
that  at  2500  rpm  (35  min).  The  shorter  proc- 
essing time  could  be  one  of  the  reasons  for 
the  recovery  of  phagocytic  function  of  gran- 


TABLE  I.  Effect  of  Rotor  Speed  and  Elutriation  Rate  on  Functions  of  Granulocytes 


Rotor  speed 

Elutriation 

%  Phagocytizing 

%  Nonphagocytiz- 
ing cells 

41  ±4 

% 

Killing  of  £«- 

rpm 

rate  ml/min 
21 

cells" 
56  ±6* 

%  Dead  cells 

fSu' 

2500 

3  ±0.5 

92  ±  3.1 

3000 

38 

38  ±4 

44±5 

18  ±3 

84  ±1.3 

4000 

48 

28  ±  17 

60±  19 

12  ±2 

80  ±1.6 

5000 

80 

50  ±  16 

41  ±  16 

9  ±0.7 

62  ±5.5 

"  As  control  experiments  for  phagocytic  function,  Dextran-sedimented  leukocytes  were  used  and  the  numbos  of 
phagocytizing  cells  were  between  50  and  63%. 
''  Standard  deviations. 
"  The  percent  killing  of  S.  aureus  by  Dextran-sedimented  leukocytes  was  91  ±4.4 
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;s  (Table  1).  Rotor  speed  below  2S00 
quires  longer  than  35  min  of  elutriation 
id  therefore  is  less  desirable, 
lulocytes  isolated  by  this  procedure 
dood  diluted  tenfold  without  antico- 
t  have  a  lesser  tendency  to  clump, 
larly  upon  incubation  at  37'^,  than 
solated  from  heparinized  blood.  Also 
ave  less  tendency  to  clump  than  do 
n-sedimented  cells. 

ussion.  The  modifications  of  the  Beck- 
entrifugal  elutriator  concern  mainly 
s  flow  system.  By  adding  new  means 
ersing  the  direction  of  flow  through 
>aration  chamber  and  by  making  dif- 
provisions  for  loading  cell  samples,  this 

becomes  more  effective  for  the  sepa- 
of  granulocytes  than  was  the  original 

as  described  by  McEwen  (8).  The 
ages  resulting  from  these  modifica- 
xe  that  with  this  system  one  can:  (a) 
te  granulocytes  from  whole  human 
in  one-step  procedure;  (b)  collect  con- 
ed cells  in  small  volume;  (c)  obtain 

100%  yield  of  purified  granulocytes; 
)  unclog  the  separation  chamber  with- 
»pping  the  rotor,  should  cell  packing 
by  simply  reversing  direction  of  flow, 
on  the  evaluation  of  the  granulocytes' 
ddal  and  phagocytic  function,  and  on 
lembrane  integrity,  it  appears  that  our 
^cedure  is  less  traumatizing  to  the  cells 
re  the  other  available  methods.  It  is 
to  perform,  requires  a  relatively  short 
nd  is  suitable  for  serial  processing  of 
blood  samples.  In  addition,  granulo- 
an  be  separated  without  the  use  of 
Lgulants.  Therefore,  this  procedure  ap- 

0  have  a  greater  potential  than  other 
lie  methods  for  obtaining  granulocytes 
least  damaged  condition  for  a  variety 
cal  tests,  such  as  chemotaxis,  migration 
ion,  NBT  reduction,  etc.,  as  well  as  for 
Df  scientific  studies  on  the  biochemical 

of  granulocytes.  Although  some  of 
linical  tests  do  not  require  pure  gran- 
»,  the  use  of  intact  and  purified  cells 

make  the  tests  more  efficient,  specific 
isitive. 

order  in  which  the  blood  cell  types  are 
uted  in  the  separation  chamber  during 
tion  appears,  paradoxically,  to  be  the 

1  of  that  commonly  observed  during 


the  centrifugation  of  blood.  During  elutria- 
tion, granulocytes  occupy  the  centrifugal  side 
of  the  chamber  while  red  cells  and  lympho- 
cytes the  centripetal  side.  It  is  interesting  to 
note  that  Maupin  (IS)  showed  that  when 
blood  is  entensively  diluted  with  normal  sa- 
line and  then  centrifuged,  granulocytes  are 
sedimented  first,  followed  by  lymphocytes 
and  red  cells.  Since  the  CE  process  also  in- 
volves extensive  dilution  of  blood,  this  may 
be  a  reason  for  the  analogous  distribution  of 
the  blood  cells  within  the  elutriation  cham- 
ber. 

Of  special  interest  is  the  observed  repro- 
ducibility in  the  flow  rates  required  to  main- 
tain granulocytes  at  a  specified  level  within 
the  separation  chamber  when  measured  on 
the  same  day  with  the  blood  from  the  same 
donor.  This  reproducibility  suggests  that  flow 
rate  variations  are  not  due  to  the  experimen- 
tal error,  but  rather  due  to  actual  variations 
in  the  granulocyte  volume  or  bouyant  den- 
sity. Thus,  CE  may  offer  a  new  way  for 
measuring  in  bulk  this  important  cell  param- 
eter. 

Summary,  The  Beckman  centrifugal  elu- 
triation system  has  been  modified  for  a  one- 
step  separation  of  granulocytes  from  whole 
human  blood.  A  special  valve  for  reversing 
the  direction  of  flow  permits  the  collection  of 
concentrated  granulocytes  in  small  volumes 
and  allows  unclogging  of  the  separation 
chamber  should  cell  packing  occur  during 
centrifugal  elutriation.  Blood  diluted  tenfold 
prevents  coagulation,  reduces  the  cell  trauma 
and  makes  separation  more  efficient.  Main- 
tenance of  the  precise  flow  rates  by  visual 
monitoring  of  the  granulocyte  level  in  the 
chamber  during  elutriation,  when  the  cham- 
ber begins  to  clear  of  red  blood  cells,  is  essen- 
tial for  optimal  separation.  Granulocytes  iso- 
lated at  rotor  spec^d  of  2500  rpm  are  indistin- 
guishable in  their  membrane  integrity,  bac- 
tericidal and  phagocytic  abiUties  from  those 
collected  by  Dextran-sedimentation.  Cell 
yields  close  to  100%,  high  purty,  minimal  cell 
traumatization,  and  short  processing  time 
make  this  technique  highly  effective  in  col- 
lecting granulocytes  for  clinical  and  labora- 
tory studies. 
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ro  Studies  utilizing  anterior  pituitary 
ave  been  employed  for  a  number  of 

study  the  physiologic  role  of  specific 
3n  one  or  more  of  the  hypophyseal 
es.  One  of  the  cells  that  remains  via- 
secretes  its  hormonal  product  in  cop- 
lounts  when  placed  into  an  artificial 
ment  is  the  prolactin  cell  (1,  2).  A 

of  compounds  have  been  used  to 
ne  their  effect  on  prolactin  (PRL)  se- 
in  vitro.  Some  of  those  which  have 
lown  to  be  stimulatory  are  estrogen 
^tosterone  (S),  thyrotrophin  releasing 
e  (TRH)  (5^7),  cyclic  AMP  (8),  and 
(9,  10),  while  inhibition  has  been  ob- 
Mrith  dopamine  hydrochloride  (DA), 
2),  apomorphine  (8),  progesterone  (?) 
the  ergot  alkaloids  (8,  11,  13). 
al  investigators  have  obtained  en- 
:ell  fractions  of  rat  anterior  pituitary 
)m  normal  hypophyses  (14-16).  Hy- 
1  coworkers  have  successfully  isolat^ 
ich  fraction  of  cells  from  adult  female 
Ltary  glands  by  velocity  sedimentation 
gravity  (17)  and  have  used  these  cells 
ine  the  kinetics  of  PRL  secretion  (18). 
3f  pituitary  cells  have  been  established 
imura  et  al.  (19)  and  Tashjian  et  al. 
m  a  rat  pituitary  tumor.  These  cells 
St  reported  to  produce  either  adreno- 
rophin  (ACTH)  or  growth  hormone 
9).  In  a  later  study  several  of  the  GH- 
g  strains  were  also  shown  to  secrete 
I).  An  attempt  was  made  by  Steinber- 
/.  (22)  to  establish  gonadotrophin  se- 
cell  clones  from  normal  rat  pituitary 
rhey  found  that  a  majority  of  their 
:ells  secreted  neither  gonadotrophic 
e  and  that  gonadotrophs  could  not  be 
lintained  in  culture.  Recently,  Ishi- 

al  (23)  reported  the  establishment 
ithke's  pouch  tissue  derived  from  nor- 
fetuses  of  65  clonal  strains  of  pituitary 
ich  produce  PRL,  GH  and/or  ACTH. 


The  following  investigation  utilized  one  of 
these  clones  (2B8)  to  examine  the  direct  ef- 
fects of  several  compounds  on  PRL  secretion. 
Materials  and  methods.  A  clone  of  pituitary 
PRL  cells,  designated  2B8,  was  derived  from 
the  epithelium  of  Rathke's  pouch  as  previ- 
ously described  (23).  The  cells  were  placed 
into  Falcon  culture  dishes  (60  x  IS  mm, 
#3002)  containing  growth  medium  which 
consisted  of  8S%  Ham's  FIO  medium  and 
15%  virus  screened  fetal  calf  serum  (Gibco 
Biological  Supplies),  50  /ig/ml  streptomycin, 
SO  U/ml  penicillin  and  O.S  yL%/wl  fungizone. 
Each  dish  contained  a  total  volume  of  4  ml 
of  growth  medium  and  approximately  1  x 
10^  cells.  After  seeding,  the  dishes  remained 
at  room  temperature  for  2  hr  and  were  then 
transferred  to  a  humidified  CO2  incubator, 
and  maintained  at  37^  with  a  gas  mixture  of 
5%  CO2,  5%  O2,  and  90%  air  for  10  days. 
Following  this,  the  medium  was  discarded 
from  each  dish  and  replaced  with  fresh 
growth  medium  containing  10~^  M  E2  [estra- 
diol sodium  sulfate  (Steraloids,  Inc.)],^  2  x 
10"®  M  TRH  (Beckman,  Inc.),  or  a  mixture 
of  both  10"*  Af  E2  and  2  X  10"*  M  TRH. 
After  3  days,  the  medium  was  again  discarded 
and  replaced  with  fresh  growth  medium  con- 
taining the  aforementioned  concentrations  of 
E2,  TRH,  or  E2  and  TRH  alone  or  in  com- 
bination with  10"®  M  DA  (Sigma  Chemical 
Corp.).  After  an  additional  6  hr,  the  medium 
was  collected  and  stored  frozen  for  subse- 
quent quantitation  of  PRL  content  by  ra- 
dioimmunoassay. The  2B8  cells  were  also 
cultured  using  the  same  protocol  (10  days 
growth  medium-3  days  growth  medium  con- 
taining secretagogue-6  hr  growth  medium 
containing  secretagogue  or  inhibitor)  with 

*The  estradiol  and  progesterone  were  initially  dis- 
solved in  absolute  alcohol  and  then  put  into  the  growth 
medium.  The  fmal  concentration  of  alcohol  in  the  ste- 
roid-containing medium  was  0.5%. 
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varying  concentrations  of  E2  or  P  [4-pregnen- 
3,20  dione  (Mochida  Pharmaceuticals  Co. 
Ltd.))'  ranging  from  10""  M  to  10-«  Af,  lO"® 
M  E2  plus  10-«  M  P,  or  with  10"^  M  to  10"* 
M  of  DA.  In  all  studies,  10  dishes  were 
cultured  in  triplicate  for  each  dose  level  of 
secretagogue  or  inhibitor  employed.  In  addi- 
tion, two  types  of  control  cultures  were  rou- 
tinely performed  using  the  aforementioned 
10  diEiy-3  day-6  hr  protocol.  In  the  first,  a 
series  of  dishes  containing  only  growth  me- 
dium and  no  cells  were  utilized  (**medium 
only"  control),  and  in  the  second,  the  dishes 
contained  growth  medium  and  2B8  cells  only 
("cells  only"  control).  After  each  experiment, 
the  cells  were  stained  with  0.1%  trypan  blue 
and  counted  using  a  hemocytometer. 

The  PRL  concentration  in  the  media  was 
measured  by  radioimmunoassay  using  a  ho- 
mologous rat  PRL  assay  system  employing 
reagents  supplied  in  kits  by  NIAMDD.  The 
rat  PRL  was  iodinated  using  a  slight  modifi- 
cation of  the  lactoperoxidase  procedure  as 
described  by  Aubert  et  al  (24).  The  inter- 
and  intra-assay  coefficients  of  variation  were 
8.2%  and  6.7%,  respectively.  All  values  are 
expressed  in  terms  of  NIAMDD  rat  PRL- 
RP-1.  The  data  were  statistically  analyzed  by 
analysis  of  variance  and  by  the  /  test  for 
comparison  of  differences  between  means. 

Results,  The  amount  of  PRL  released  into 
the  media  by  the  2B8  cells  incubated  with 
varying  concentrations  of  E2  and  P  is  shown 
in  Fig.  1.  The  concentration  of  PRL  in  the 
dishes  containing  10~^^  A/  E2  was  essentially 
the  same  as  the  *'cells  only"  control.  In  con- 
trast, there  was  a  dose-related  increase  in 
PRL  levels  in  the  media  from  cells  incubated 
with  10"^®  Af-10"®  M  E2,  with  the  maximum 
amount  of  PRL  secretion  occurring  with  10"® 
M  E2.  When  10"^  M  and  10-«  M  E2  were 
utilized,  PRL  release  declined  to  levels  which 
closely  approximated  values  recorded  in  the 
"cells  only"  controls.  In  this  study  as  well  as 
in  the  subsequent  experiments,  PRL  was  not 
detectable  in  the  "medium  only"  control.  A 
dose-related  decrease  in  PRL  secretion  was 
observed  following  the  incubation  of  the  2B8 
cells  with  concentrations  of  P  ranging  from 
10""  A/  to  10~®  M.  Moreover,  an  inhibition 
in  the  amount  of  PRL  secreted  by  the  cells 
was  recorded  when  10"®  M  E2  and  10"^  Af  P 
were  simultaneously  added  to  the  cuhure  me- 
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Fig.  1.  Prolactin  concentration  (mean  ±  SE 
ture  media  from  2B8  cells  incubated  with  E3  { 
bars)  or  P  (open  bars),  from  10"**^/  to  10"*  M, 
M  Ei  and  10"*^  A/  P  (cross  hatched  bar),  a  »  n 
<  0.001  as  compared  to  *^cells  only**  control  (C( 


dium.  This,  however,  was  not  as  great 
decrease  noted  with  P  alone.  Besides  af 
PRL  production  by  the  2B8  cells,  E2 
also  induced  changes  in  cell  proiiferati 
stimulated  a  significant  increase  in  eel 
ber  at  all  concentrations  examined  whi 
dose-related.  This  increase  ranged  froi 
in  the  group  incubated  with  tibe  lowc 
centration  of  E2  to  42.3%  in  the  grou] 
bated  with  10"^  Af.  The  dose  of  E« 
caused  the  maximum  release  of  PRl 
stimulated  a  19.3%  increase  in  cell  ni 
In  contrast,  P  inhibited  cell  proliferatio: 
effect  was  statistically  significant  onl 
concentrations  of  10"^  Af-lO"*  M.  No  i 
in  cell  number  was  observed  when  tl 
steroids  were  incubated  together. 

There  was  nearly  a  twofold  rise  u 
release  from  cells  cultured  with  10^  . 
(Fig.  2).  However,  with  higher  concent 
of  DA,  a  decline  in  PRL  release  was  ob 
which  was  significantly  lower  than  the 
only"  control  at  dosages  of  10"^  M-V 
The  total  cell  number  in  dishes  com 
DA-supplemented  media  was  the  sa 
that  present  in  the  **cells  only"  contrd 

The  results  of  the  study  in  whidi  E 
M).  TRH  (2  X  10"^  M)  and  DA  (1( 
were  incubated  alone  or  in  combinati 
shown  in  Fig.  3.  Alone,  E2  and  TRH 
edly  stimulated  PRL  release.  There  y 
statistical  difference  in  the  amount  c 
secreted  by  the  cells  incubated  in  the  pi 
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Fig.  2.  Dose-related  secretion  pattern  of  PRL  (mean 
±  S£)  by  2B8  cells  following  incubation  with  I0~*  M  to 
10"*  M  DA.  a  -  ns,  b  -  P  <  0.001  as  compared  to  "cells 
only"  control  (COC). 
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Fig.  3.  Effect  of  lO"*  A/ DA.  10"*  A/ Ej  and  2  X  lO"' 
M  TRH  alone  or  in  combination  with  each  other  on 
PRL  secretion  (mean  ±  SE)  from  2B8  cells,  a  »  ns,  b  » 
P  <  0.001  as  compared  to  "cells  only**  control  (COC). 

of  E2  as  compared  to  the  response  from  TRH. 
When  the  cells  were  cultured  with  a  combi- 
nation of  E2  and  TRH,  significantly  more 
hormone  was  released  (P<  0.001)  than  when 
each  was  incubated  alone,  albeit  this  effect 
was  not  additive.  Simultaneous  incubation  of 
E2  and  DA  or  TRH  and  DA  resulted  in  a 
marked  decrease  in  PRL  release  to  levels 
which  were  similar  to  that  observed  in  the 
"cells  only"  control.  The  inhibitory  effect  of 
DA  on  the  combination  of  TRH  and  E2, 
however,  was  not  as  great.  TRH  and  E2  alone, 
in  combination  with  each  other  or  with  DA 
significantly  increased  cell  proliferation.  DA 
alone  had  no  effect. 

Discussion.  The  present  investigation  dem- 
onstrates the  first  use  of  a  normal  diploid 
clone  of  pituitary  cells  for  the  study  of  the 
regulatory  mechanisms  that  control  PRL  se- 
cretion. The  2B8  clone  has  previously  been 
shown  by  radioinmiunoassay  to  secrete  only 
PRL  (23).  The  only  other  viable  clones  of 
pituitary  cells  that  have  been  extensively  used 
experimentally    are    those    developed    by 


Tashjian  and  coworkers  from  rat  pituitary 
tumors  (19,  20).  While  these  were  initially 
found  to  produce  more  than  one  hormone 
(19-21),  subsequent  studies  with  subclones 
derived  from  these  strains  have  shown  that 
certain  strains  secrete  only  GH  or  PRL  (21, 
25). 

In  our  experiments,  the  2B8  cells  have  been 
shown  to  be  responsive  to  E2,  P  and  TRH 
much  like  the  GH  tumor  cells.  In  comparing 
our  observations  with  those  of  Haug  and 
Gautvik  (S),  it  can  be  noted  that  the  tumor 
cells  initially  responded  to  tenfold  less  E2 
than  the  2B8  cells;  however,  both  cell  strains 
produced  a  maximum  amount  of  PRL  with 
10"®  M  E2.  At  higher  concentrations  (up  to 
10~*  AO,  PRL  secretion  by  the  tumor  cells 
plateaued,  while  that  of  the  2B8  cells  fell 
precipitously.  Observations  similar  to  ours 
with  varying  doses  of  E2  have  been  obtained 
in  vitro  using  organ  cultures  of  anterior  pitui- 
tary tissue  (4)  and  in  ovariectomized  rats 
given  dosages  of  0.1 -SOO  /ig  estradiol  ben- 
zoate  (26).  At  all  dose  levels  of  P  tested,  there 
was  significantly  less  PRL  released  from  2B8 
cells  than  occurred  in  the  **cells  only"  control 
cultures.  In  contrast,  Haug  and  Gautvik  (S) 
observed  significant  changes  in  the  amount 
of  PRL  released  by  the  tumor  cells  only  with 
10"®  Af-10-«  M  P.  Although  sUghUy  less  PRL 
was  seen  in  the  media  containing  10~^  M  P, 
they  reported  no  significant  inhibition  with 
doses  of  10"^^  Af-lO"^  M  P.  When  the  tumor 
(S)  or  the  2B8  cells  were  incubated  simulta- 
neously with  10~®  M  E2  and  10"®  M  P,  less 
PRL  was  secreted  than  with  E2  alone.  The 
suppressive  effect  of  P  on  E2  was  greater  on 
the  2B8  cells  than  on  the  GH  tumor  cell  line. 
In  the  presence  of  the  two  steroids,  the  tumor 
cells  produced  124%  more  PRL  than  their 
control  cultures  (5)  while  the  2B8  cells  se- 
creted 28%  less  than  the  "cells  only"  controls. 
An  inhibition  of  the  stimulatory  effect  of  E2 
by  P  has  also  been  observed  in  vivo  following 
the  simultaneous  administration  of  1  /ig  E2 
and  0.5,  1  or  4  mg  P  to  ovariectomized  rats 
(26).  Both  the  2B8  and  the  tumor  cells  were 
stimulated  by  TRH  (Fig.  3;  5,  27).  When  the 
2B8  cells  were  incubated  with  TRH  and  E2, 
a  19%  increase  in  PRL  secretion  was  recorded 
over  that  obtained  with  TRH  alone.  In  con- 
trast, the  GH3  cells  produced  more  than  twice 
as  much  PRL  under  similar  conditions  (5). 
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The  discrepancy  in  the  two  studies  may  be 
due  in  part  to  the  difference  in  the  amount  of 
TRH  employed,  which  in  our  experiment  was 
100  times  less  than  that  used  by  Haug  and 
Gautvik  (S);  both  investigations  utilized  the 
same  concentration  of  E2.  The  stimulation  of 
PRL  secretion  by  either  TRH  or  E2  was 
suppressed  to  control  levels  by  DA,  while 
simultaneous  incubation  of  the  2B8  cells  with 
TRH,  E2  and  DA  reduced  PRL  levels  by 
about  50%.  These  observations  are  consistent 
with  those  of  Hill-Samli  and  MacLeod  (7). 

Proliferation  of  the  2B8  cells  was  stimu- 
lated by  TRH  and  E2,  inhibited  by  P  and  not 
affected  by  DA.  There  was  no  correlation 
between  cell  proliferation  and  PRL  release  or 
inhibition.  Cell  number  was  at  its  maximum 
with  the  dose  of  E2  that  failed  to  stimulate 
PRL  release.  Incubation  of  the  cells  with 
TRH  or  E2  lead  to  a  15-fold  increase  in  PRL 
release  but  only  a  19-20%  increase  in  cell 
number.  DA  inhibited  hormone  release  but 
had  no  effect  on  cell  proliferation.  The  degree 
of  inhibition  of  PRL  release  by  P  was  much 
greater  than  the  extent  to  which  cell  number 
was  reduced.  In  their  studies  with  the  GH3 
tumor  cells,  Haug  and  Gautvik  (5)  found  no 
change  in  cell  growth  (as  determined  through 
quantitation  of  cell  protein)  with  either  E2  or 
P.  They  speculated  that  either  the  cells  had 
lost  the  ability  to  proliferate  under  the  influ- 
ence of  E2  or  that  the  factor(s)  responsible  for 
cell  growth  were  of  hypothalamic  origin.  In 
light  of  our  findings,  the  latter  hypothesis 
seems  unlikely. 

Heretofore,  the  only  reported  investigation 
in  which  stimulation  of  PRL  release  was  ob- 
served with  DA  was  that  of  Malarkey  et  al, 
(28).  They  found  an  increase  in  PRL  release 
by  OH  tumor  cells  using  4.5  x  10"^  Af  DA. 
A  similar  phenomenon  was  consistently  ob- 
served from  the  2B8  cells  with  10"®  M  DA. 
Since  concentrations  of  DA  in  the  hypophy- 
seal portal  blood  have  been  reported  to  be  in 
excess  of  10~®  M  (29),  the  sigmflcance  of  our 
observations  remain  unclear.  The  secretory 
pattern  of  the  2B8  cells  was  unaffected  by 
10""®  M  DA.  Likewise,  no  change  in  PRL 
release  was  observed  following  incubation  of 
hemipituitary  glands  with  approximately  1.2 
X  10"®  M  DA  (30).  Other  investigators  (7,  8, 
12,  17)  including  ourselves  who  have  em- 
ployed DA  at  concentrations  which  more 


closely  approximate  those  values  found  in  the 
hypophyseal  portal  blood  (29)  have  obtained 
a  marked  inhibition  of  PRL  secretion.  From 
these  reports  one  would  assume  that  DA  acts 
to  inhibit  the  secretion  of  PRL  from  the 
anterior  pituitary  gland.  However,  this  prem- 
ise has  recently  been  challenged  by  Neill  et 
al  (31)  who  failed  to  obtain  a  significant 
correlation  between  peripheral  PRL  levels 
and  DA  concentration  in  the  portal  bkxxl 
during  the  estrous  cycle.  This  then  raises  the 
question  of  what  the  physiological  role  of  DA 
is  in  the  regulation  of  PRL  secretion. 

Summary,  Prolactin  (PRL)  release  was  as- 
sessed using  clonal  cells  from  the  2B8  strain 
grown  in  the  presence  of  estradiol  (sodium 
sulfate)  (E2),  progesterone  (P),  thyrotrophin- 
releasing  hormone  (TRH)  and/or  dopamine 
hydrochloride  (DA).  Using  concentrations  of 
E2  ranging  from  10""  M  to  lO"*  A/,  it  was 
found  that  a  significant  amount  of  PRL  was 
released  with  doses  of  10"^^  M  to  10"®  M.  No 
effect  was  observed  with  either  higher  or 
lower  concentrations  of  the  steroid.  Approx- 
imately the  same  amount  of  PRL  was  re- 
leased from  pituitary  cells  incubated  with  2 
X  10"®  M  TRH  as  was  noted  with  10"*  M  E2. 
When  these  two  secretagogues  were  com- 
bined, significantly  more  PRL  was  present  in 
the  medium  than  when  either  was  employed 
alone.  Prolactin  release  was  significandy  in- 
hibited from  cells  cultured  with  10"^  3/-10"* 
M  DA;  lower  concentrations  were  either  in- 
effective or  were  found  to  stimulate  PRL 
secretion.  In  combination  with  10"*  M  E2  or 
2  X  10"®  M  TRH,  10"*  M  DA  significandy 
reduced  the  stimulatory  effect  of  either  of 
these  two  compounds.  However,  when  E2  and 
TRH  were  incubtaed  together  in  the  presence 
of  DA,  less  of  an  inhibition  of  PRL  was  noted 
than  when  DA  was  combined  with  either  E2 
or  TRH.  Inhibition  of  PRL  release  also  oc- 
curred when  the  cells  were  incubated  with 
10"^^  Af-10"*  M  P.  In  addition,  the  stimula- 
tory effect  of  10"*  M  E2  was  found  to  be 
suppressed  by  10"*  M  P.  The  results  indicate 
that  the  2B8  clonal  strain  is  sensitive  to  agents 
known  to  effect  PRL  secretion  in  vivo. 

The  authors  wish  to  express  their  gratitude  to  Pauline 
Cisneros-Polette,  Rose  Marie  Gomez,  and  James  Oum- 
bers  for  their  technical  assistance  and  to  the  NIAMDD 
for  the  rat  PRL  radioimmunoassay  kits.  This  study  was 
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The  primary  lethal  factor  in  endotoxin 
shock  has  been  thought  to  be  inadequate 
venous  return  in  the  dog,  which  was  ascribed 
to  splanchnic  pooling  (1).  In  our  studies  of 
splanchnic  pooling  in  canine  endotoxin  shock 
(2,  3),  we  found  that  the  portal  vein  con- 
stricted early  and  remained  constricted  until 
death;  the  liver  trapped  blood  early,  but  had 
returned  to  the  control  size  by  thirty  minutes 
after  endotoxin,  whereas  cardiac  output  and 
aortic  pressure  remained  below  60%  of  the 
control  levels. 

In  our  1970  study  in  the  dog  (2),  we  ob- 
tained arterial  blood  samples  for  lactate,  pH, 
and  gases  at  hourly  intervals.  There  was  a 
progressive  increase  in  lactate  and  a  progres- 
sive decrease  in  pH,  and  a  corresponding 
decrease  in  PCO2,  except  for  the  last  sample 
before  death  which  showed  an  increase  in 
CO2.  Similarly,  there  were  no  consistent 
changes  in  PO2  except  for  an  abrupt  but  mild 
drop  in  the  last  sample.  It  seemed  safe  to 
conclude  from  the  trends  of  lactate  and  gases 
that  circulatory  function  was  compromised 
rather  than  pulmonary  function  in  endotoxin 
shock. 

The  same  center  that  proposed  splanchnic 
pooling  as  critical  in  the  pathogenesis  of 
shock  (1)  was  also  the  first  to  report  the 
response  of  the  pulmonary  vasculature  to 
endotoxin  (4).  Kuida  and  colleagues  found 
an  average  43%  increase  in  pulmonary  arte- 
rial resistance.  They  discounted  the  pulmo- 
nary vascular  changes  as  a  major  factor  in 
producing  fatal  shock  in  dogs;  they  attributed 
the  lethal  outcome  to  an  unchanged  periph- 
eral resistance  (5)  in  the  face  of  a  cardiac 
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output  reduced  by  splanchnic  pooling  I 
the  cat,  however,  they  accepted  the  p 
nary  vascular  changes  as  primary,  lead 
*'gross  pulmonary  edema,  right  heart  I 
and  sudden  death.'*  Similarly,  Halmag} 
coworkers  (6)  found  that  the  total  pulm 
vascular  resistance  increased  Ihreefo 
sheep,  and  this  increase  preceded  the  i 
cardiac  output.  Halmagyi  explicitly  bl 
acute  right  ventricular  failure  for  tfie  J 
output.  An  editorial  in  LANCET  cv< 
ferred  to  the  phenomenon  in  sheep  as 
pulmonale  in  endotoxin  shock.'*  The  [ 
physiology  in  sheep  was  distinguished 
that  in  the  dog  because  the  cardiac  c 
could  be  restored  by  transfusion  in  the 
(7),  from  which  they  concluded  that  i 
quate  circulating  volume  was  the  centn 
order,  in  the  dog. 

At  the  time  of  Halmagyi's  report  in 
(6),  most  centers  held  that  myocardial  f 
did  not  play  a  significant  part  in  the 
circulatory  collapse  (8,  9).  More  recentl; 
fer  and  his  colleagues  (10),  reported  i 
ocardial  depressant  factor  (MDF)  whic 
curs  later  in  endotoxin  shock,  and  Hit 
and  co-workers  also  reported  left  ventri 
depression  in  the  dog.  Myocardial  depn 
in  the  presence  of  increased  pulmonai] 
cular  resistance,  resulting  in  even  mod 
increases  in  right  ventricular  afterload,  < 
produce  acute  right  ventricular  failure 
therefore  have  examined  the  pulmonar 
systemic  vascular  resistances  during  i 
toxin  shock  in  the  dog,  the  right  ventri 
performance,  and  the  ability  of  dextra 
fusions  to  restore  hemodynamic  conditic 
normal. 

Material  and  methods.  Twelve  dogs  c 
selected  sex  and  breed  were  used,  wei| 
18-24  kg.  They  were  premedicated  with 
phine  (2  mg/kg  im),  and  anesthetized 
sodium  pentobarbital  (IS  mg/kg  iv). 
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ventricular  pressure  was  obtained  by  retro- 
grade catheterization  from  the  carotid  artery, 

"  and  the  aorta  from  the  femoral  artery.  Car- 
diac output  was  determined  by  dye-dilution 
with  indocyanine  green;  computation  was 

I  performed  on  a  PDP  11/45.  A  Swan-Ganz 
balloon-tipped  catheter  was  advanced  from 

^  the  femoral  vein  to  the  pulmonary  artery.  A 
second  venous  catheter  was  advanced  to  the 
right  atrium.  After  control  recordings  were 

^    made,  an  LDioo  dose  of  endotoxin  (5  mg/kg) 

,  from  E.  coli  (Westphal  extraction  method, 
Difco  Laboratories)  was  injected  into  the 

j  right  atrium.  Recordings  were  made  at  S,  15, 
30,  and  60  min,  and  at  hourly  intervals  for  4 

^  hr.  The  data  were  reduced  manually;  the 
cardiac  output,  mean  aortic  pressure,  mean 
pulmonary  artery  pressure,  and  vascular  re- 
sistances were  normalized  for  each  animal, 
with  the  control  value  as  100%.  For  the  low 
pressures,  central  venous  pressure,  pulmo- 
nary artery  wedge  pressure,  and  left  ventric- 
ular diastolic  pressure,  the  changes  from  the 
control  value  were  calculated  in  mm  Hg. 
Descriptive  statistics  were  calculated  for  each 
variable  at  the  intervals  specified  and  will  be 
presented  as  the  mean  and  standard  error  of 
the  mean. 

To  investigate  the  role  of  right  ventricular 
failure  in  the  declining  cardiac  output,  we 
determined  Vmax  (12)  for  the  right  ventricle 
during  endotoxin  shock,  and  compared  this 
to  Vmax  of  the  left  ventricle.  We  believe  that 
Vmax  is  an  index  of  contractility  that  is  well- 
suited  for  following  ventricular  performance 
in  endotoxin  shock,  since  it  is  relatively  in- 
sensitive to  changes  in  afterload  (13).  The 
method  does  not  require  the  determination  of 
ventricular  function  curves,  which  requires 
interventions  that  may,  per  se,  alter  the  target 
variable.  For  Vmax  determinations  both  right 
and  left  ventricle  pressures  were  obtained  in 
an  additional  IS  dogs.  Vmax  was  calculated 
from  the  isovolumic  period  of  the  respective 
ventricular  pressure  records,  using  a  PDP 
11/45.  For  the  right  ventricle,  we  used  the 
same  constants  introduced  for  the  left  ventri- 
cle, 40  and  80  for  K  and  C,  respectively,  in 
the  formula  Vce  (for  the  contractile  element 
velocity  of  shortening)  =  (dp/dt)/(KP  +  C). 
Norm^hzation  was  performed  for  the  values 
of  Vmax  for  each  animal  during  the  course  of 
endotoxin  shock  before  calculating  the  statis- 


tics, taking  the  control  value  as  100%. 

To  test  the  assumption  that  cardiac  output 
in  the  dog  could  be  restored  by  volume  re- 
placement, six  animals  were  subjected  to 
rapid  infusions  of  low  molecular  weight  Dex- 
tran,  25  ml/kg.  The  infusions  were  begun  at 
five  minutes  after  administration  of  endo- 
toxin, and  were  completed  prior  to  the  fifteen- 
minute  determination  of  cardiac  output. 
(This  would  increase  circulating  volume  dur- 
ing the  interval  of  maximal  hepatosplandmic 
trapping)  (2,  3).  In  addition,  arterial  PO2 
(Pa02)  was  determined  at  the  same  intervals, 
using  an  Instrumentation  Laboratories  de- 
vice. Comparison  of  mean  values  of  these 
groups  was  done  by  unpaired  t  test. 

Results,  The  hemodynamic  course  of  early 
endotoxin  shock  is  presented  in  Fig.  1.  Car- 
diac output  and  mean  pressures  in  the  aorta, 
pulmonary  artery,  pulmonary  artery  wedge 
position,  left  ventricle,  and  central  veins  from 
twelve  dogs  are  graphed  for  4  hr.  After  endo- 
toxin, there  was  a  precipitous  drop  in  cardiac 
output  and  aortic  pressure,  and  a  modest 
improvement  by  one  hour.  Thereafter,  there 
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Fig.  1.  Hemodynamic  course  in  the  first  4  hr  of 
endotoxin  shock  in  12  dogs.  The  mean  and  SE  of  the 
mean  are  presented.  Cardiac  output  (Q),  aortic  pressure 
(A),  and  pulmonary  artery  pressure  (P)  are  presented  as 
percentages  of  the  control  value.  Pressures  for  pulmonary 
artery  wedge  (W),  central  venous  pressure  (C),  and  left 
ventricular  diastolic  pressure  (L),  are  in  mm  Hg  change 
from  the  control  value  for  each  animal. 
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was  a  gradual  decline  in  output,  but  a  gradual 
recovery  of  aortic  pressure.  In  contrast  to 
aortic  pressure,  the  pulmonary  artery  pres- 
sure after  endotoxin  actually  rose  to  over 
150%  of  the  control  level;  the  pressure  de- 
clined by  one  hour,  and  the  two  pressures 
paralleled  each  other  after  that  with  the  nor- 
malized pulmonary  pressures  approximately 
20%  higher  than  the  aortic.  The  pulmonary 
artery  wedge  pressure  also  rose  in  early  endo- 
toxin shock  and  fell  by  IS  min.  It  then  com- 
menced a  very  gradual  recovery  toward  and 
above  the  control  level  by  4  hr.  The  left 
ventricular  diastolic  pressure  had  a  prompt 
drop  to  a  -3  mm  Hg,  recovered  by  15  min  to 
a  -2  mm  Hg,  and  remained  at  about  that 


level  until  the  4-h  determination.  The  central 
venous  pressure  fell  less  than  2  mm  initially 
and  recovered  to  almost  control  level  fertile 
entire  experimental  period. 

The  course  of  vascular  resistance  during 
endotoxin  shock  in  the  first  4  hr  is  presented 
in  Fig.  2.  The  systemic  vascular  resistance  is 
proportionately  much  lower  than  the  pul- 
monary resistance,  since  the  mean  does  not 
exceed  125%  of  control  during  the  first  2  hr, 
whereas  the  peak  pulmonary  resistance  is 
450%  greater  than  control. 

Figure  3  presents  the  mean  of  Vmax  for  the 
two  ventricles  and  the  cardiac  output,  nor- 
malized to  the  control  value  for  each  animal 
before  averaging.  The  Vmax  for  the  left  ven- 
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Fig.  2.  Vascular  resistances  and  cardiac  output  for  the  first  4  hr  of  endotoxin  shock  in  12  animals, 
presented  as  percentages  of  the  control  value. 
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Fig.  3  Graphic  comparison  of  an  index  of  contractility,  Vmax,  for  the  right  (R)  and  left  (L) 
ventricles,  normalized  with  reference  to  the  control  value  (100%)  during  endotoxin  shock.  For  contrast, 
the  cardiac  output  (Q)  is  presented.  See  text  for  significant  differences. 
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tiicle  is  initially  more  affected,  but  both  ven- 
tricles recover  to  higher  than  control  value  by 

1  hr.  (The  only  statistically  significant  differ- 
ence bewteen  R  and  L  Vmax  is  at  IS  min;  P 

<  0.01).  The  left  ventricular  Vmax  remains 
greater  than  control  for  the  first  3  hr,  and 
falls  slightly  at  the  fourth  hour,  the  index  for 
the  right  ventricle  has  a  greater  variance  for 
any  single  period,  and  the  mean  varies  more 
from  time  to  time,  but  there  is  no  evidence  in 
this  data  for  failure  of  either  the  right  or  left 
ventricle  to  account  for  the  very  poor  cardiac 
output  during  the  first  4  hr. 

The  administration  of  2S  ml/kg  of  low 
molecular  weight  Dextran  restored  cardiac 
output  to  preendotoxin  levels,  but  aortic 
mean  pressure  was  restored  only  to  90%  of 
control.  The  difference  between  output  and 
pressure  was  also  seen  in  the  subsequent 
course.  There  was  a  significant  difference  (P 

<  0.01)  in  cardiac  output  between  the  fluid- 
treated  group  and  the  control  group  for  the 
entire  4  hr,  but  the  difference  for  the  aortic 
mean  pressures  was  significant  (P  <  O.OS)  at 
30  min,  one  and  2  hr  after  endotoxin,  but  not 
by  3  or  4  hr.  The  arterial  PO2  for  the  un- 
treated group  fell  briefly,  but  recovered  to 
control  level  by  IS  min,  and  remained  above 
control  thereafter.  The  difference  in  PO2  be- 
tween the  two  groups  became  significant  by 

2  hr,  and  was  highly  significant  by  4  hr  (P 

<  0.01),  with  the  fluid-treated  group  showing 
deterioration.  In  addition,  survival  time  was 
actually  less  in  the  animals  treated  with  Dex- 
tran, although  the  differences  were  not  sig- 
nificant. The  dogs  receiving  dextran  survived 
8.S  hr,  compared  to  lO.S  hr  for  the  untreated. 

Discussion.  The  course  of  the  dog's  pul- 
monary vascular  resistance  (PVR)  after  endo- 
toxin is  quite  similar  to  the  other  species  that 
have  been  reported,  including  the  cat  (4), 
sheep  (6),  calf  (14),  and  primate  (15).  The 
marked  changes  in  PVR  have  been  neglected 
in  the  dog  in  favor  of  hepatosplanchnic  trap- 
ping of  blood  (1).  The  duration  of  hepato- 
splanchnic trapping  of  blood,  however,  is  less 
than  30  min  (2),  and  relief  by  portocaval 
shunting  fails  to  improve  the  hemodynamic 
course  or  survival  (3).  It  is  also  of  interest  that 
endotoxin  shock  has  a  lethal  course  similar 
to  the  dog  in  animals  that  have  no  throttlelike 
mechanism  in  their  hepatic  veins  (6,  15,  16). 
Detailed  time  course  of  pulmonary  vascular 


changes  in  these  other  species  have  not  been 
supplied  in  previous  reports,  but  most  publi- 
cations suggest  that  the  increases  last  only  30 
min  or  less.  We  found  that  the  marked  ele- 
vation of  resistance  in  the  canine  pulmonary 
vasculature  was  brief,  and  the  resistance  re- 
turned to  moderate  levels  by  30  min  after 
endotoxin  (Fig.  2).  This  time  course  is  strik- 
ingly similar  to  that  of  the  portal  vein  pressure 
(3).  These  two  vascular  beds,  pulmonary  and 
splanchnic,  also  accumulate  most  of  the  endo- 
toxin, judging  from  radioactive  tagging,  with 
the  largest  concentration  in  the  lung,  liver, 
and  spleen  (17).  In  short,  the  dog's  pulmonary 
vasculature  appears  to  be  no  less  a  target 
organ  for  endotoxin  shock  than  in  other  spe- 
cies, and  the  brief  hepatosplanchnic  pooling 
is  merely  another  vascular  manifestation  of 
this  toxin,  unique  to  the  carnivores,  but  not 
uniquely  lethal. 

Halmagyi's  inference  of  cor  pulmonale  in 
the  sheep  was  based  on  an  increase  in  right 
ventricular  afterload  that  was  relatively  mod- 
est, a  doubling  of  the  mean  pressure  in  the 
pulmonary  artery  (6).  Although  Halmagyi 
did  not  postulate  a  primary  myocardial  de- 
pression, this  has  been  suggested  recently  for 
the  canine  left  ventricle  (10,  11)  which  has  a 
substantially  reduced  afterload  or  aortic  pres- 
sure. If  the  right  ventricle  were  equally  de- 
pressed, the  effect  should  be  more  important, 
and  more  easily  demonstrated,  since  the  right 
ventricular  afterload  is  roughly  doubled. 
However,  we  do  not  find  a  significant  reduc- 
tion of  myocardial  contractiUty,  using  the 
index  Vmaxy  for  either  left  or  right  ventricle 
during  the  first  4  hr,  at  which  time  the  cardiac 
output  was  reduced  drastically.  Since  our 
studies  did  not  extend  beyond  4  hr,  we  cannot 
speak  to  the  late  depression  of  myocardial 
contractility,  described  by  Lefer's  and  Hin- 
shaw's  groups,  after  4-8  hr.  It  is  also  possible 
that  compensatory  mechanisms  in  our  intact 
animal  preparation  masked  a  direct  myocar- 
dial depression.  Two  such  compensatory 
mechanisms  are  catecholamine  release  and 
the  positive  inotropic  effect  of  tachycardia, 
both  of  which  are  present  in  endotoxin  shock 
due  to  baroreceptor  activity.  Regardless  of 
how  the  contractility  is  maintained,  the  early 
vascular  collapse  cannot  reasonably  be  attrib- 
uted to  cor  pulmonale. 

Although  the  dog's  response  to  fluid  ther- 
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apy  has  been  used  as  evidence  that  vascular 
coUapse  in  the  dog  is  due  to  intravascular 
pooling  (7),  the  transient  nature  of  the  im- 
provement suggests  that  extravasation  of  the 
circulating  volume  is  more  important.  Vas- 
cular leakage  due  to  endothelial  injury  (18), 
enhanced  by  venoconstriction  (2),  continues 
throughout  endotoxin  shock,  in  the  lung  (19) 
as  well  as  in  the  systemic  circulation  (20). 
This  leakage  accounts  for  the  declining  course 
of  the  arterial  PO2  after  Dextran,  compared 
to  the  Pa02  in  the  control  animals,  and  causes 
a  therapeutic  dilemma  in  the  treatment  of 
endotoxin  shock.  The  administration  of 
plasma  or  Dextran,  not  to  mention  saline  or 
lactated  Ringer's  solution,  restores  flow  and 
improves  pressure,  but  the  intravascular  vol- 
ume continues  to  be  lost  at  the  expense  of  the 
arterial  PO2. 

Summary.  The  pulmonary  vascular  resist- 
ance in  herbivores  has  been  reported  to  in- 
crease threefold  in  endotoxin  shock;  poor 
cardiac  output  has  been  attributed  to  cor 
pulmonale.  The  poor  cardiac  output  in  dogs 
has  been  attributed  to  splanchnic  pooling. 
However,  we  previously  reported  that 
splanchnic  pooling  was  brief,  and  had  re- 
solved, while  cardiac  output  remained  low. 
In  the  present  study  of  27  anesthetized  dogs 
we  found  a  marked  reduction  in  cardiac  out- 
put and  aortic  pressure  following  endotoxin, 
and  an  increase  in  systemic  resistance  to  only 
125%.  Pulmonary  arterial  resistance  rose  to  a 
peak  of  450%  of  normal  at  5  min,  but  by  30 
min  had  fallen  to  200%  of  control.  The  rela- 
tive contractility  of  the  two  ventricles,  based 
on  Vmax  was  equal  to  or  greater  than  control 
for  most  of  the  4  hr.  Although  the  afterload 
for  the  right  ventricle  is  actually  increased,  in 
contrast  to  a  reduction  for  the  left  ventricle, 
contractility  for  both  ventricles  was  main- 
tained. Treatment  with  Dextran  transiently 
restored  cardiac  output,  but  caused  a  signifi- 


cant gradual  reduction  in  arterial  PO2  as  a 
result  of  extravasation. 
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activity  and  side  effects  of  nonsteroidal 
flammatory  agents  (NSAI)  are  attrib- 
» mcchanism(s)  involving  common  fac- 
,  2).  Therefore,  it  seemed  worthwhile 
ermine  whether  or  not  a  fat-free  diet 
»  shown  to  reduce  indomethacin-in- 
intestinal  lesions  (3)  and  toxicity  (4), 

affect  its  anti-inflammatory  activity, 
reliminary  data  indicated  that  FED 
lot  reduce,  but  rather  increases,  this 
f.  However,  our  initial  experimental 

did  not  include  the  prostaglandin 
3f  inflammation,  shown  to  be  reduced 

fed  an  essential  fatty  acid-deficient 
I. 

lew  of  the  above,  we  thought  it  worth- 
to  determine  the  possible  effects  of 
)n  the  essential  fatty  acid  pattern  and 
nd  our  observation  period  to  include 
iffects  on  the  prostaglandin  phase  of 
mation. 
erials  and  methods.  Male  albino  rats, 

strain,  weighing  110-130  g,  were  di- 
into  groups  of  eight  or  more  animals 
id  fed  either  a  regular  or  a  fat-free  diet 
10-day  period  before  commencing  the 
nents,  unless  otherwise  specified.  In- 
lacin  was  administered  by  gavage  sus- 
1  in  an  aqueous  vehicle  (NaCl,  0.9%; 

80,  0.4%;  CMC,  0.5%;  and  benzyl 
I,  0.9%). 

regular  diet  (RD)  consisted  of  33.3% 
com,  12.7%  soybean  flour,  12.7%  meat 
14.8%  wheat  bran,  4.5%  barley  flour, 
atmeal,  7.4%  nonfat  milk  solids,  2.8% 

flour,  3.7%  yeast,  and  3.6%  vitamins 
inerals.  The  fat-free  diet  (FFD)  (6) 
ed  of  30%  vitamin-free  casein,  64% 

2%  cellulose,  and  4%  vitamins  and 
Is. 
Effect  of  diet  on  growth  curve.  Two 

of  20  animals  each  were  fed  either  a 


regular  (RD)  or  a  fat-free  (FFD)  diet  over  a 
31 -day  period.  The  growth  curve  was  re- 
corded at  several  time  intervals  up  to  the  end 
of  the  observation  period. 

(B)  Carrageenin-induced  paw  edema.  Im- 
mediately before  the  administration  of  indo- 
methacin or  the  aqueous  vehicle,  each  animal 
received  5  ml  of  water  by  gavage.  One  hour 
later,  0.1  ml  of  a  0.5%  suspension  of  carra- 
geenin  (Rex  7205,  Marine  Colloids  Inc., 
Springfield,  N.J.)  was  injected  through  a  20- 
gauge  needle  into  the  plantar  aponeurosis  of 
the  right  hind  paw  (7).  Foot  volume  was 
measured  immediately  following  carrageenin 
administration  and  again  3  hr  later  by  means 
of  a  mercury  plethysmometer.  This  was  done 
by  immersing  the  paw  of  the  unanesthetized 
animal  up  to  the  point  where  mercury  was  at 
the  level  of  the  lateral  malleolus.  The  increase 
in  paw  volume  was  calculated  from  the  dif- 
ference in  the  values  at  0  and  3  hr  after  the 
injection  of  the  phlogistic  agent. 

(C)  Effects  on  the  essential  fatty  acid  (EFA) 
pattern  and  the  prostaglandin  phase  of  inflam- 
mation. Animals  were  handled  as  described 
in  B,  with  the  exceptions  that:  (i)  Paw  edema 
was  measured  at  3  and  6  hr  [prostaglandin 
phase  (5)]  after  carrageenin  administration; 
and  (ii)  groups  of  five  animals  each  were  used 
to  determine  plasma  free  fatty  acids  (FFA) 
and  indomethacin,  as  well  as  the  arachidonic 
(20:4)  to  eicosatrienoic  (20:3)  acid  ratio  in 
erythrocytes  as  a  measure  of  the  EFA  pattern 
(8).  Blood  samples  were  obtained  under  ether 
anesthesia  by  heart  puncture  using  a  heparin- 
ized  syringe.  After  centrifugation  (30  min, 
950^),  plasma  FFA  were  determined  accord- 
ing to  Ducombe  (9),  except  that  chlo- 
roform-heptane-methanol  (49:49:2)  was  used 
as  the  extraction  mixture.  Plasma  indometh- 
acin was  determined  according  to  Kwan  et  al 
(10).  Arachidonic  and  eicosatrienoic  acids 
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were  determined  in  erythrocytes'  total  fat 
through  extraction  (11)  and  alkaline  isomer- 
ization  (12). 

(D)  Cotton  pellet-induced  granuloma.  Un- 
der light  ether  anesthesia,  one  cotton  pellet 
was  introduced  subcutaneously  on  each  side 
of  the  back  through  a  midline  incision.  The 
pellets  were  cut  from  dental  cotton  rolls  (No. 
1,  Johnson  &  Johnson)  and  paired  to  a  com- 
bined dry  weight  of  100  ±  1  mg.  Prior  to 
implantation,  the  pellets  were  dipped  for  1 
min  in  a  1%  suspension  of  carrageenin,  placed 
on  filter  paper,  and  allowed  to  dry  overnight 
under  a  lamp.  Thereafter  the  pellets  were 
autoclaved  at  12  PC  for  1  hr  (13).  At  the  time 
of  implantation,  the  pellets  were  individually 
soaked  in  a  1%  solution  of  Pfizer  Combiotic. 
Treatment  started  at  the  same  time  as  im- 
plantation and  lasted  for  8  consecutive  days. 
On  the  morning  of  the  eighth  day,  immedi- 
ately before  the  last  treatment,  each  animal 
received  5  ml  of  water  by  gavage.  One  hour 
later,  0.1  ml  of  a  0.5%  carrageenin  suspension 
was  injected  through  a  20-gauge  needle  into 
the  plantar  aponeurosis  of  the  right  hind  paw. 
Thereafter  the  procedure  is  similar  to  that 
described  in  B.  Immediately  after  measuring 
the  paw  volume,  the  animals  were  killed  by 
CO2  asphyxiation  and  the  pellets  with  the 
surrounding  granuloma  were  excised  and 
dried  overnight  at  60^C.  The  amount  in  ex- 
cess of  100  mg  represents  the  weight  of  the 
granuloma,  which  was  expressed  either  in 
absolute  values  or  in  mg/100  g  body  weight 
(14). 

(E)  Three-day  carrageenin  paw  edema  (15). 
This  modification  of  the  method  outlined  in 
B  was  carried  out  as  follows. 

(i)  Animals  were  divided  into  two  groups 
of  20-22  rats  each  and  were  fed  either  a 
regular  (RD)  or  a  fat-free  (FFD)  diet.  Four- 
teen to  fifteen  animals  of  each  group  received 
oral  indomethacin  (18  mg/kg)  in  three  di- 
vided doses  of  6  mg  each,  at  42,  30,  and  1  hr 
before  carrageenin.  Seventeen  hours  after 
measuring  the  degree  of  swelling,  the  animals 
were  autopsied  and  the  intestine  was  exam- 
ined for  the  presence  of  ulceration  by  an 
observer  who  was  unaware  of  the  treatment. 

(ii)  Animals  were  divided  into  six  groups 
of  8  rats  each  and  fed  a  regular  diet  (RD). 
Indomethacin  was  given  orally  in  single  doses 
of  6  mg/kg  each  at  different  time  intervals 
before  carrageenin,  as  specified  in  Table  VI. 


This  technique  of  dosing,  which  differs  from 
that  outlined  in  (i),  was  aimed  at  elucidatin{ 
to  what  extent  the  anti-edema  properties  of 
indomethacin  were  due  to  a  specie  (anti 
inflammatory)  or  to  a  nonspecific  (ulcero- 
genic) effect.  Seventeen  hours  after  measur- 
ing the  degree  of  swelling,  the  animals  were 
autopsied  and  the  intestine  was  carefully  and 
thoroughly  examined  for  the  presence  of  in- 
flammation site(s)  and/or  ulceration  by  an 
observer  who  was  unaware  of  the  treatment 
For  a  better  evaluation  of  the  specific  to 
nonspecific  anti-edema  ratio,  the  degree  of 
intestinal  pathology  was  graded  according  to 
the  scale  shown  in  Table  VI. 

(F)  Statistical  procedures.  The  data  relative 
to  carrageenin-induced  paw  edema  were  cal- 
culated as  adjusted  values  derived  from  an 
analysis  of  covariance,  where  the  variates  x 
and  y  were  the  paw  volume  before  carra- 
geenin and  the  increase  in  paw  volume  at  3 
and  6  hr  after  the  injection  of  the  phlogistic 
agent,  respectively.  Contrasts  among  adjusted 
means  were  calculated  according  to  Snedecor 
and  Cochran  (16). 

The  data  relative  to  granuloma  weight, 
plasma  concentration  of  FFA,  or  indometh- 
acin and  arachidonic  acid  content  in  eryth- 
rocytes were  calculated  by  means  of  an  anal- 
ysis of  variance.  When  the  test  indicated  sig- 
nificant F  values,  an  inspection  of  all  differ- 
ences between  pairs  of  means  was  made  ac- 
cording to  the  LSD  method  (17). 

Percentage  inhibition  values  as  well  as  av- 
erage body  weight  data  were  subjected  to 
Student's  t  test  unless  otherwise  specified  in 
the  tables.  The  data  relative  to  incidence  and 
degree  of  intestinal  ulcers  were  analyzed  by 
means  of  the  x^  test  (corrected  for  continuity) 
and  the  WUcoxon  test  (18),  respectively,  un- 
less otherwise  specified  in  the  tables.  The 
correlation  between  indomethacin-induced 
body  weight  changes,  anti-edema  activity, 
and  degree  of  intestinal  pathology  was  cal- 
culated according  to  the  Spearman  rank  coef- 
ficient (19). 

Results.  (A)  Effect  of  diet  on  the  growth 
curve.  The  data  in  Table  I  indicate  that,  from 
Day  10  on,  FFD  significantly  reduced  the 
growth  rate  in  the  made  rat. 

(B)  Carrageenin-induced  paw  edema.  Su- 
tistical  analysis  of  the  data  in  Tables  II  and 
III  indicates  that:  (i)  Indomethacin  signifi- 
cantly   reduces    carrageenin-induced    paw 
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TABLE  1.  Effect  of  Diet  on  the  Growth  Curve  of  Male  Rats. 


No. 
of 
Experimental  design      animals 


Body  weight  in  grams  (mean  ±  SE)  on  Days: 


10 


17 


24 


*P<0.0\. 


31 


Regular  diet  (RD)  20  135.3  ±  1.8       193.0  ±  4.3       227.2  ±  6.2         259.1  ±  6.4         284.5  ±  5.8 

Fat-free  diet  (FFD)  20  135.3  ±  1.8       179.0  ±  6.1        198.3  ±  6.5*       213.1  ±  7.8*       232.9  ±  10.5* 


TABLE  II.  Effect  of  Diet  and  Oral 
Indomethacin  (5  mg/kg)  on  Carrageen  in- 
Induced  Paw  Edema. 


Increase 

in  paw 

volume  after  car- 

rageemn 

No. 

of 

Ad- 

Percent- 

ani- 

justed 

age  in- 
hibition 

Experimental  design 

mals 

mean 

ReguUr  diet  (RD) 

Indomethacin 

8 

13.2 

30 

Controls 

8 

19.0 

Fat-free  diet  (FFD) 

Indomethacin 

8 

8.0 

52.1* 

Controls 

8 

17.1 

Least  significant  differ- 

ence 

P<0.05 

5.9 

p<om 

8.0 

edema  in  both  RD  and  FFD  rats;  (ii)  the 
degree  of  inhibition  is  significantly  greater  in 
FFD  as  compared  to  RD  animals. 

(C)  Effects  on  the  essential  fatty  acid  (EFA) 
pattern  and  the  prostaglandin  phase  of  inflam- 
mation. Statistical  analysis  of  the  data  in  Ta- 
ble III  indicates  that:  (i)  Six  hours  after  car- 
rageenin,  the  paw  edema  volume  is  identical 
in  RD  and  FFD  control  rats,  (ii)  Six  hours 
after  carrageenin,  the  paw  edema  volume  of 
indomethacin-treated  RD  and  FFD  rats  is 
significantly  lower  than  that  of  control  ani- 
inals.  (iii)  The  arachidonic  acid  content  in 
erythrocytes  is  independent  of  the  nature  of 
the  diet,  carrageenin,  or  indomethacin  treat- 
ment. There  is  no  detectable  amount  of  ei- 
cosatrienoic  acid  in  either  RD  or  FFD  rats, 
(iv)  Independently  of  diet  and  indomethacin, 
the  plasma  FF  A  concentration  is  significantly 
increased  at  3,  but  not  at  6,  hr  after  carra- 
geenin. This  increase  is  significantly  greater 
in  FFD  as  compared  to  RD  rats,  (v)  There  is 
no  detectable  difference  in  plasma  concentra- 
tion of  indomethacin  between  RD  and  FFD 
rats  at  either  3  or  6  hr  after  carrageenin. 

(D)  Cotton  pellet-induced  granuloma.  Sta- 
tistical analysis  of  the  data  in  Table  IV  indi- 


cates that  indomethacin  significantly  reduces 
granuloma  formation  and  carrageenin-in- 
duced  paw  edema  in  both  RD  and  FFD  rats, 
the  degree  of  inhibition  being  significantly 
greater  in  FFD  as  compared  to  RD  animals. 

(E)  Three-day  carrageenin  paw  edema,  (i) 
Statistical  analysis  of  the  data  in  Table  V 
indicates  that:  (a)  Indomethacin  significantly 
reduces  carrageenin-induced  paw  edema  in 
both  RD  and  FFD  animals,  the  degree  of 
inhibition  being  significantly  greater  in  RD 
as  compared  in  FFD  rats,  (b)  Decrease  in 
body  weight  (limited  to  RD  rats)  is  associated 
with  greater  anti-inflammatory  activity,  as 
indicated  by  the  close  relationship  {P  < 
0.001)  between  body  weight  changes  deter- 
mined immediately  before  the  last  dose  of 
indomethacin  and  anti-edema  activity,  (c) 
Both  the  incidence  and  degree  of  indometh- 
acin-induced  intestinal  lesions  are  signifi- 
cantly greater  in  RD  as  compared  to  FFD 
rats. 

(ii)  Statistical  analysis  of  the  data  in  Table 
VI  indicates  that:  (a)  Indomethacin  adminis- 
tered 42  hr  before  carrageenin  does  not  influ- 
ence paw  edema  formation,  (b)  Indomethacin 
administered  either  at  42  and  30,  at  30  and  1, 
or  at  1  hr  before  carrageenin  produces  a 
significant  but  similar  antiedema  effect.  Such 
an  effect  is  significantly  lower  than  that  ob- 
served following  indomethacin  administered 
at  42,  30,  and  1  hr  before  carrageenin.  (c) 
There  is  a  close  relationship  (Fig.  1)  between 
anti-edema  activity,  degree  of  intestinal  path- 
ology, and  body  weight  changes.  The  latter 
were  determined  immediately  before  the  last 
dose  of  indomethacin. 

Discussion,  Reduction  and/or  prevention 
of  indomethacin-induced  intestinal  lesions 
has  been  achieved  by  a  variety  of  experimen- 
tal conditions,  such  as  fasting  (3,  21),  fat-free 
diet  (3,  4),  various  catatoxic  steroids  (22,  23), 
prostaglandins  (24),  cholestyramine  (21), 
low-residue  diet,  (25)  and  antibiotics  (26). 

With  the  exception  of  spironolactone, 
which  has  been  shown  to  reduce  both  intes- 
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TABLE  III.  Effect  of  Diet  and  Oral  Indomethacin  (5  mg/kg)  on  Carrageenin  Induced  Paw  Edema 
Plasma  Concentration  of  Free  Fatty  Acids  (/imole/ml),  and  Indomethacin  (/ig/ml)  and  Arachidonk 
Acid  Content  in  Erythrocytes  (Percentage  of  Total  Lipids). 


Paw  volume  in- 

crease after  carra- 

Time 
after 

No. 

geenin 

No. 

Erythro- 

PUsnu 

carra- 

of 

Ad- 

Percent- 

of 

Plasma 

cyte  ar- 
achidonic 

indo- 

geemn 

ani- 

justed 

asem- 
hibition 

ani- 

free fatty 

metha- 

Experimental design 

(hi) 

mals 

mean 

mals 

acids* 

add* 

cin* 

Regular  diet  (RD) 

Indomethacin 

3 

14 

8.8 

45.6 

2.64  ±  0.57 

7.7  ±  1.9 

14.2  ±  1.1 

6 

9 

10.6 

36.0 

1.08  ±0.28 

9.2  ±  2.0 

8.3  ±  1.^ 

0 

— 

— 

— 

0.58  ±0.15 

8.0  ±  1.4 

— 

Controls 

3 

15 

16.1 

— 

2.85  ±  0.42 

11.7  ±3.6 

— 

6 

10 

16.6 

— 

1.09  ±0.57 

9.0  ±  1.8 

— 

Fat-free  diet  (FFD) 

Indomethacin 

3 

15 

7.8 

60.1* 

4.1    ±0.57 

12.3  ±  2.3 

14.3  ±  1.6 

6 

10 

12.2 

28.0 

1.01  ±  0.25 

6.6  ±  2.0 

10.7  ±  li 

0 

— 

— 

— 

0.76  ±  0.22 

9.9  ±  0.2 

— 

Controls 

3 

15 

19.7 

— 

5 

4.12  ±0.46 

10.4  ±  2.4 

— 

6 

10 

16.5 

— 

5 

1.1    ±0.28 

5.2  ±  1.1 

— 

Least  significant  differ- 

ence" 

P<0.05 

2.5(4.0) 

1.17 

16 

P<Q.O\ 

3.3  (5.3) 

1.57 

3.5 

"  Those  relative  to  paw  volume  increase  at  6  hr  are  in  parentheses. 

*  Mean  ±  SE. 

*  P<  0.05  as  compared  to  paw  volume  increase  of  RD  group  at  3  hr. 

TABLE  IV.  Effects  of  Diet  and  Oral  Indomethacin  (2.5  mg/kg/day)  on  Granuloma  Formation  and 

Carrageenin-Induced  Paw  Edema. 


Granuloma ' 

±1 

weight  (mean 
SE) 

Percentage 
tion 

inhibi- 

Increase  i 
ume  after 

inpaw  vd- 

carrageenin 

MiUi- 

Experimental  design 

No. 
of  an- 
imals 

Absolute  wt 
(mg) 

MiUi- 
gramsper 

100  g 
body  wt 

Abso- 
lute wt 
(mg) 

grams 

iSo'g 

body 
wt 

Adjusted 
mean 

Percent- 
h^tioo 

Regular  diet  (RD) 
Indomethacin 

8 

107.1  ±7.9 

56.2  ±  3.6 

30.5 

26.0 

8.7 

414 

Controls 

8 

154.1  ±  19.8 

75.9  ±  9.0 

15.1 

Fat-free  diet  (FFD) 
Indomethacin 

8 

93.4  ±  6.2 

53.9  ±  4.6 

43.2 

41.2* 

4.1 

72.4- 

Controls 

8 

164.4  ±  9.8 

91.6  ±  7.0 

14.9 

Least  significant  difference 
P<0.05 

36.9 

18.5 

2.9 

P<0.0\ 

49.8 

25.0 

3.9 

tinal  lesions  and  anti-inflammatory  activity 
(27),  no  effort  has  been  made  to  determine 
whether  or  not  a  reduction  in  intestinal  le- 
sions is  accompanied  by  a  concomitant  mod- 
ification in  anti-inflammatory  activity. 

Our  data  indicate  that  FFD  prevented 
and/or  reduced  intestinal  ulcers  without  re- 
ducing, but  rather  enhancing,  the  anti-in- 
flammatory properties  of  indomethacin.  This 
enhanced  activity,  observed  in  models  of  both 


chronic  and  acute  inflammation,  but  partic- 
ularly evident  in  the  latter,  could  be  attrib- 
uted to  differences  in  body  distribution  of 
indomethacin  between  RD  and  FFD  nits, 
due  to  a  dissimilarity  in  protein  binding.  This 
hypothesis  is  consistent  with  data  indicating 
that: 

(i)  There  is  a  correlation  (28,  29)  between 
protein-bound  indomethacin  (30,  31)  and 
anti-inflammatory  activity. 
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(ii)  Any  increase  in  plasma  FFA  concen- 
tration ranging  from  2  to  4  mM  (32),  like  that 
observed  in  FFD  animals,  has  been  associ- 
ated with  the  displacement  of  protein-bound 
NSAI  (32-34). 

(iii)  A  direct  involvement  of  catechol- 
amines (35)  and/or  corticosterone  in  enhanc- 
ing the  anti-inflammatory  activity  of  indo- 
methacin  in  FFD  rats  seems  unlikely,  since 
increase  in  paw  volume  of  the  untreated  an- 
imals was  independent  of  the  nature  of  the 
diet. 


(iv)  An  indirect  involvement  of  corticoster- 
one in  enhancing  the  anti-inflammatory  ac- 
tivity of  indomethacin  in  FFD  animals 
through  an  indomethacin-induced  modifica- 
tion in  the  free  to  protein-bound  corticoster- 
one ratio  (36)  seems  likewise  unlikely  in  view 
of  Winter's  findings  (37). 

The  fact  that  we  were  unable  to  detect  any 
variation  in  total  plasma  concentration  of 
indomethacin  between  RD  and  FFD  rats  is 
not  at  variance  with  this  hypothesis,  since 
total  drug  concentration  in  plasma  appears  to 


TABLE  V.  Effect  of  Oral  Indomethacin  (18  mg/kg  in  Three  Divided  Doses)  on  Carrageenin- 
Induced  Paw  Edema  and  Incidence  and  Degree  of  Intestinal  Ulcers. 


No. 
of  an- 
imals 

Mean  body 
weight  (g)" 

Increase  in  paw  volume 
after  carrageenin 

Intestinal  ulcers 

Experimental  design 

Adjusted 
mean 

Perccnt- 
aee  inhi- 
bition 

Percent- 
age inci- 
dence 

Degree* 
(mean 
score) 

Regular  diet  (RD) 
Indomethacin 

14 

-11.1  ±1.8 

2.2 

86.2 

100 

1.9 

Controls 

8 

— 

16.4 

— 

Fat-free  diet  (FFD) 
Indomethacin 

12 

+3.5  ±  1.8 

9.5 

53.7* 

25* 

0.4* 

Controls 

8 

— 

21.0 

— 

Least  significant  difference 
P  <  0.05 

3.3 

P<0.0\ 

4.5 

**  From  Day  1  to  Day  3  (before  the  third  administration  of  indomethacin);  mean  ±  SE. 

*  Degree  of  intestinal  ulceration  was  graded  according  to  an  arbitrary  scale:  0  «  normal,  1 
advanced  ulcerative  processes,  3  -  perforating  ulcer  and  intestinal  adhesions. 

•  /*  <  0.01  compared  to  RD  group. 


'  primary  ulcers,  2  • 


TABLE  VL  Effect  of  Dosing  Schedule  of  Oral  Indomethacin  on  Carrageenin-Induced  Paw 
Edema  and  Incidence  and  Degree  of  Intestinal  Lesions. 


Indomethacin  (mg/kg) 

at  the 

Increase  in 

paw  vol- 

following  1 

hours  before 

carra- 

ume  after  carra- 

Intestinal  pathology 

gcenm 

No. 

gcemn 

Ad- 

Per- 

Percent- 

Degree* 

centa^e 

age  ma- 

of  an- 

A body 

justed 

inhibi- 

dence of 

Mean        Mean 

42 

30 

1 

imals 

weight  (g)° 

mean 

tion 

ulcers 

score         rank 

— 

— 

— 

8 

+  18.3  ±  1.2 

20.7 

6 

— 

— 

8 

+  17.3  ±  1.0 

19.1 

9.3 

0 

0.25           12.0 

6 

6 

— 

8 

-2.9  ±  2.6 

9.4 

54.6 

62.5 

3.25           25.6 

6 

6 

6 

8 

-0.4  ±  2.2 

2.8 

86.6 

100 

5.13           33.8 

— 

6 

6 

8 

+  13.8  ±3.0 

10.4 

49.7 

50 

2.0             19.1 

— 

— 

6 

8 

+  16.7  ±  1.5 

11.6 

44.0 

12.5 

0.5             11.9 

Least  significant  difference 

P  <  0.05 

5.8 

4.5 

40 

16 

p<om 

7.8 

6.0 

55 

19 

"  From  Day  1  to  Day  3  (before  the  third  administration  of  indomethacin);  mean  ±  SE.  Data  were  analyzed  by 
means  of  a  one-way  analysis  of  variance.  Multiple  comparisons  among  groups  were  made  by  means  of  the  LSD 
method  (17). 

*  Degree  of  intestinal  pathology  was  graded  according  to  an  arbitrary  scale:  0  »  normal  1  -  irritation,  2  - 
marked  irritation,  3  »  one  or  two  small  ulcers,  4  »  several  primary  ulcers,  5  -  many  advanced  ulcers,  6  -*  many 
ulcers,  with  adhesions,  7  »  death.  Scores  were  reduced  to  ranks  and  analyzed  by  means  of  a  Kruskal-WaUis  one-way 
analysis  of  variance  (20).  Multiple  comparisons  among  groups  were  made  by  means  of  the  critical  range  method 
(20). 
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Fig.  1.  Spearman  rank  coefficients  of  the  values 
shown  in  Table  VI  relative  to  body  weight  changes  (Xi, 
increase  in  paw  volume  (X2),  and  degree  of  intestinal 
pathology  (X3). 

be  a  relatively  poor  index  of  changes  in  drug 
distribution  (38).  For  example,  if  indometh- 
acin  is  99%  protein-bound  (37)  and  is  5% 
displaced,  this  will  result  in  a  negligible  and 
undetectable  variation  in  total  plasma  con- 
centration, but  in  a  significant  sixfold  increase 
in  the  amount  of  drug  free  to  enter  the  sites 
of  action. 

Further  indirect  evidence  for  this  hypoth- 
esis is  provided  by  the  fact  that  FFD  failed  to 
enhance  the  anti-infUunmatory  activity  of  in- 
domethacin  during  the  prostaglandin-me- 
diated  phase  of  inflammation.  Such  a  failure 
cannot  be  attributed  to  a  modification  in 
prostaglandin  availability  as  indicated  by  the 
similarity  in  EFA  pattern  and  paw  edema 
response  between  untreated  RD  and  FFD 
rats  during  this  phase,  but  rather  to  restora- 
tion of  plasma  FF  A  to  normal  levels. 

In  view  of  the  data  obtained  thus  far,  the 
finding  that,  in  the  3-day  carrageenin  paw 
edema,  indomethacin  was  significantly  more 
effective  in  RD  as  compared  to  FFD  animals 
was  rather  unexpected.  However,  the  almost- 
complete  inhibition  of  paw  edema  formation 
observed  in  RD  rats  following  the  three  doses 
of  indomethacin  has  to  be  attributed  to  the 
combined  anti-inflammatory  eflect  of  specific 
and  nonspecific  factor(s).  That  is,  the  eflect 
(specific)  of  the  last  dose  of  indomethacin 
superimposes  on  the  eflect  (nonspecific)  pro- 
duced by  the  preexisting  inflammatory  proc- 
esses at  intestinal  levels  apparent  in  RD,  but 
not  FFD,  animals. 

The  nonspecific  role  played  by  the  preex- 
isting inflammatory  processes  produced  by 
the  administration  of  the  first  two  doses  of 


indomethacin  is  substantiated  by  the  i 
ing: 

(i)  The  presence  of  indomethacin 
body,  following  single  or  repeated  ad 
trations  (42  and  30  hr  before  the  inject 
the  phlogistic  agent),  at  the  time  of 
geenin  injection  is  against  kinetic  con 
tions  (39,  40). 

(ii)  Paw  edema  formation  is  signifi 
reduced  in  the  presence  of  preexisting  i 
matory  processes,  as  indicated  by  ou 
data  and  previous  findings  (IS,  41).  Th 
specific  anti-edema  eflect  does  not  sees 
due  (42)  to  the  production,  at  pree 
inflanmiatory  sites,  of  a  factor(s)  capa 
inhibiting  inflanmiatory  processes  at  < 
sites  upon  release  into  the  blood  stre 
appears  more  likely  to  be  attributable,  i 
in  part,  to  a  reduction  in  serum  kinii 
complement  (IS)  rather  than  to  a  defi 
in  prostaglandin  availability  (24),  sin< 
eflect  is  evident  in  the  non-prostaglandi 
diated  phase  of  inflammation  (S). 

In  view  of  the  above,  it  appears  legi 
to  conclude  that  FFD  prevents  and  or  n 
intestinal  lesions  without  reducing,  but 
enhancing,  the  specific  anti-inflammatc 
tivity  of  indomethacin.  This  is  at  va 
with  the  hypothesis  that  anti-inflamn 
activity  and  side  effects  have  a  conmi( 
nominator  (1,  2). 

This  observation  is  of  clinical  rele^ 
and  it  is  tempting  to  speculate  that  feei 
low-fat  diet  might  reduce  NSAI-induoe 
trointestinal  disturbances  without  m 
therapeutic  efficacy. 

Summary.  The  anti-edema  propert 
ulcerogenic  doses  of  indomethacin 
shown  to  be  due  to  the  concomitant  infl 
of  specific  (anti-inflamimatory)  and  n( 
cific  (presence  of  intestinal  lesions)  e 
The  fat-free  diet  (FFD)  prevented  a 
reduced  both  the  incidence  and  degi 
indomethacin-induced  intestinal  lesions 
out  reducing,  but  rather  enhancing,  ai 
flammatory  activity  through  a  specific 

These  findings  are  at  variance  wit 
hypothesis  that  anti-inflammatory  a 
and  side  eflects  of  indomethacin  have  2 
mon  denominator.  The  greater  anti-ii 
matory  activity  displayed  by  indomethi 
FFD  as  compared  to  regular  diet  (Rl 
rats  might  be  attributed  to  differences  ii 
distribution  of  the  drug.  It  is  tempt 
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ipeculate  that  feeding  a  fat  free  or  a  low  fat 
liet  might  reduce  NSAI-induced  gastrointes- 
inal  disturbances  without  reducing  therapeu- 
ic  efficacy. 
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The  envelope  glycoproteins  and  glycolipids 
of  paramyxoviruses  appear  to  be  derived 
from  the  host  cell  plasma  membrane  during 
viral  release  (1,  2).  Measles  envelope  glyco- 
protein spikes  effect  attachment  of  the  virion 
to  cell  surfaces,  thereby  initiating  either  he- 
magglutination (HA)  or  infection  (3, 4).  Most 
viruses  which  mature  at  the  cell  surface  in- 
corporate NANA  from  the  plasma  membrane 
(5-9).  Myxoviruses  and  paramyxoviruses  do 
not  do  so,  because  they  contain  virus-coded 
neuraminidase  (10-12).  NANA  residues  are 
detectable  on  purified  vesicular  stomatitis  vi- 
rus (VSV)  (5,  8,  12,  13),  avian  tumor  (7), 
rabies  (9),  Sindbis  (14,  IS)  and  Semliki  Forest 
viruses  (16),  as  well  as  on  temperature-sensi- 
tive mutants  of  influenza  virus  type  A  which 
lack  neuraminidase  (17).  In  this  report,  we 
present  evidence  to  show  that  measles  virions 
likewise  possess  NANA  residues  which  are 
involved  in  the  adsorption  of  virus  to  the 
surface  of  cells. 

Materials  and  methods.  VERO  cells,  ob- 
tained from  the  American  Type  Culture  Col- 
lection, were  grown  in  Eagle's  minimal  essen- 
tial medium  (MEM)  in  Earle's  balanced  salt 
solution  (BSS)  with  10%  heat-inactivated  fe- 
tal calf  serum  (FCS)  and  were  maintained  in 
the  same  medium  with  2%  FCS.  The  Edmon- 
ston  strain  of  measles  virus,  grown  in  VERO 
cells,  was  partially  purified  from  infected  cul- 
ture fluids  by  banding  in  a  20-40%  sucrose 
gradient  in  a  swinging  bucket  rotor  (SW  27) 
at  80,000^  for  3  hr.  Parainfluenza  virus  type 
2  (18)  and  VSV  were  propagated  in  VERO 
ceUs.  Influenza  virus  was  grown  in  1 1-day  old 
embryonated  eggs,  and  mumps  virus  in  pri- 
mary cultures  of  chicken  embryo  fibroblasts. 

Plaque  titrations  were  carried  out  on  con- 
fluent monolayers  of  VERO  cells  in  35  mm 
plastic  dishes  (Falcon),  using  a  single  overlay 
of  1%  agar  in  maintenance  medium.  Plates 
were  stained  with  neutral  red  6  days  after 
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infection  and  the  plaques  counted  tw( 
later.  Rhesus  erythrocytes,^  freshly 
into  dextrose-citrate,  washed  three  tim 
resuspended  to  0.5%  in  phosphate-bi 
(pH  7.2)  saline  (PBS),  were  used  for 
hemagglutination  and  inhibition  assa) 
measles  virus.  To  measure  inhibition  oi 
enza  virus  hemagglutination  (19),  serii 
bling  dilutions  of  measles  virus  in  PB! 
mixed  with  equal  volumes  of  influe 
virus  containing  4  HAU,  followed  by 
volumes  of  0.5%  chicken  erythrocyte 
HI  titer  was  taken  as  the  highest  dUut 
measles  virus  which  inhibited  4  HAU 
fluenza  virus. 

Protein  was  determined  by  the  metl 
Lowry  (20)  with  bovine  serum  albui 
standard,  ^-acetylneuraminic  acid  (N 
was  determined  by  the  method  of  V 
(21)  using  crystalline  NANA  as  standa 

Results.  As  shown  in  Table  I,  measle 
pelleted  from  infected  culture  fluids 
slightly  higher  NANA:  protein  ratioj 
washed  and  gradient-punfied  virus.  T 
tios  in  all  viral  preparations,  however 
higher  than  those  found  in  normal  \ 
cells.  Measles  virus  (6  x  \(f  PFU)  and 
(5  X  10^  PFU)  were  each  treated  for  9 
at  37°  with  Vibrio  cholerae  neuramii 
(Behring  Diagnostics)  at  a  concentrat 
20  U/ml  in  Tris-HCl  buffer,  pH  7.0  co 
ing  0.5  jLimoles  CaCk.  After  incubatio 
virus-enzyme  mixtures  were  chilled,  th< 
was  pelleted  by  centrifugation  for  90  i 
125,000^,  washed  once  and  then  resusp 
in  PBS  to  the  original  starting  volume, 
virus-free  supematants  were  saved  foi 
ysis.  Results  are  shown  in  Table  II.  i 
natants  from  neuraminidase-treated  n 
virus  were  found  to  contain  approxu 
80%  of  the  hydrolyzable  NANA  fot 
pelleted  virions  not  previously  expo: 
enzyme.  No  chromogen  was  found  in 
drolyzed  supematants  of  untreated  vin 
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sidual  chromogen  could  be  detected  in 
bydrolyzates  of  neuraminidase-treated 
es  virus.  Supematants  from  neuramin- 
treated  virions  contained  no  more  pro- 
aeasurable  by  the  Lowry  method  than 
tiatants  from  untreated  virus  (Table  II), 
iting  that  the  neuraminidase  prepara- 
used  had  no  contaminating  protease 
ty.  Acid  hydrolyzates  of  untreated  VSV 
ined  substantial  amounts  of  chromogen. 
[ANA  was  found  in  hydrolyzed  influ- 
A  virus.  Measles  virus  and  VSV  each 
ited  influenza  HA  significantly.  Neura- 
lase  treatment  abolished  this  inhibition 
:11  as  the  infectivity  of  both  viruses. 
les  virus  treated  with  either  neuramini- 
)r  trypsin  no  longer  agglutinated  rhesus 
'ocytes  and  retained  virtually  no  infec- 

)rder  to  determine  the  effect  of  enzymes 
riodate  treatment  on  susceptibility  to 
ion,  monolayers  of  VERO  cells  in  35 
elates  were  treated  at  iV  with  V,  chol- 

neuraminidase  (Worthington)  (20 
),  trypsin  (1  mg/ml),  pronase  ( 1  mg/ml) 
itaperiodate  (0.011  A/)  for  different  pe- 
of  time  up  to  60  min.  After  treatment, 
I  in  each  case  caused  only  minimal 
ling  and  no  detachment  of  cells,  the 
layers  were  washed  three  times  with  S 
IS,  infected  with  serial  tenfold  dilutions 
iasles  virus,  overlaid  with  agar  and  in- 
ed. Staining  and  estimation  of  plaques 
then  carried  out  as  described, 
shown  in  Fig.  1,  treatment  of  cells  with 

trypsin  or  pronase  before  infection  re- 
I  by  60-70%  the  number  of  plaques 
I  should  have  appeared  in  comparison 
treated  controls.  After  10  min  of  perio- 
reatment,  the  plaque  count  was  reduced 
K)ut  90%  as  compared  with  untreated 
3ls;  and  no  plaques  appeared  in  cells 
I  had  been  treated  for  60  min.  In  con- 
pretreatment  up  to  30  min  with  neura- 
iase  appeared  to  enhance  slightly  the 
^tibility  of  cells  to  infection, 
throcytes  were  treated  with  the  same 
tits  in  order  to  determine  the  effect  on 
sceptors.  Cells  were  suspended  in  0.01 1 
dium  metaperiodate  (NaI04)  and  al- 
l  to  stand  at  room  temperature  for  30 
after  which  an  equal  volume  of  40% 
se  was  added  to  stop  the  reaction.  Eryth- 
is  in  10%  suspension  were  also  treated 


with  V,  cholerae  neuraminidase  (Behring),  40 
U/ml,  for  1  hr  at  37°,  or  with  pancreatic 
trypsin  (1  mg/ml,  Difco  1:250)  for  30  min  at 
room  temperature.  Treated  cells  were  washed 
three  times  with  PBS  and  resuspended  to 
0.5%  in  PBS,  and  then  tested  for  agglutina- 
bility  by  virus.  The  results,  not  otherwise 
given  in  detail,  showed  that  desialylation  of 
rhesus  erythrocytes  enhanced  measles  virus 
HA  titers  8-  to  16-fold.  Influenza  A  virus, 
which  agglutinates  normal  rhesus  erythro- 
cytes weakly,  did  not  agglutinate  neuramini- 
dase-treated rhesus  erythrocytes.  Pretreat- 
ment  of  rhesus  erythrocytes  with  either  tryp- 
sin or  periodate  completely  eliminated  their 
agglutinability  by  measles  virus.  Human 
erythrocytes  remained  inagglutinable  by 
measles  virus  after  treatment  with  either 
neuraminidase  or  trypsin. 

Discussion.  We  have  shown  that  measles 
virus,  which  lacks  neuraminidase  activity  and 
matures  by  budding  from  the  cell  surface  (22, 
23),  contains  a  chromogen  which  has  an  ad- 
sorption maximum  identical  to  that  of 
NANA  (Table  I)  and  which  is  released  from 
concentrated  purified  measles  virions  by  the 
action  of  exogenous  neuraminidase  (Table 
II).  Although  most  of  this  NANA  undoubt- 
edly stems  from  measles  virus  particles,  the 
possibility  cannot  be  excluded  that  some  por- 
tion of  the  NANA  detected  in  gradient  puri- 
fied virus  may  have  been  derived  from  frag- 

TABLE  I.  NANA  Content  of  Measles  Virus 


Ratio 

Milli 

NANA/ 

Micro- 

grams 

pro- 

srams 

NANA- 

pro- 
tern* 

tern 
X  10" 

VERO  ccUs^ 

40 

18 

2.2 

Measles  vims''  pelleted 

from  medium  con- 

Uuniog 

2%FCS 

4.8 

1.4 

3.4 

5%FCS 

5.6 

1.6 

3.5 

2%  FCS  and  washed 

4.3 

1.4 

3.1 

2X  in  PBS 

2%  FCS,  washed  2x, 

4.0 

1.3 

3.1 

banded  in  sucrose 

gradient   (2(M0%), 

repelleted 

"  Determined  by  thiobarbituric  acid  procedure  (28) 
after  hydrolysis  30  min  80''C  in  0. 1  ^  H2SO4  referred  to 
crystalline  NANA. 

^Lx>wry  method  referred  to  bovine  serum  albumin 
(20). 

'\x\(f  ceUs. 

''6X10*  PFU  used  for  each  analysis. 
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TABLE  n. 


Concentration  of 

Influenza 
viral  HI  titer" 

HA  titer 

Infectivity 

(PFU 

trcated/PFU 

untreated) 

Vims 

NANA 
(Mg/ml) 

Protein 
(mg/ml) 

Measles 
Neuraminidase  treated'* 
Pellet 

(y 

1.1 

0 

0 

0.05 

SupemaUnt 
Trypsin  treated  (Pellet) 
Control 

Pellet 

28 

0.1 
1.2 

16-32 

0 
32 

0.003 

Supernatant 
VSV 
Neuraminidase  treated 
Control 

0 

nd 

78^^ 

0.1 

nd 
1.6 

0 
128 

nd 

0.002 

"  Mumps  virus  gave  no  inhibition. 

*  PFU  treated  virus/PFU  untreated  virus,  titered  simultaneously.  In  four  experiments  with  neuraminidase,  mem 
titer  of  treated  virus  was  4.2  x  10^  ±  2.2,  untreated  virus  4.6  x  10^±  2.1,  P  «  <0.01. 
'  After  hydrolysis  in  0.1  ^V  H2SO4,  80°C,  30  min. 

suggesting  that  the  NANA  required  for  thes( 
activities  is  attached  to  glycoprotein  rathei 
than  to  glycolipid. 

Studies  on  VSV  (25, 26)  and  those  reportec 
to  date  on  measles  virus  (4)  indicate  thai 
envelope  glycoproteins  mediate  adsorption  ol 
viral  particles  to  cells.  NANA  may  play  a 
central  role  in  this  process,  which  initiates 
infection  in  Vero  cells  and  effects  hemagglu- 
tination. Accordingly,  infectivity  was  reduced 
and  HA  was  eliminated  by  treatment  witi 
neuraminidase.  That  other  as  yet  unidentified 
components  of  the  viral  envelope  may  be 
essential  to  attachment  is  suggested  by  the 
finding  that  trypsin  treatment  oompletd) 
abolished  infectivity,  whereas  some  infectiv- 
ity remained  after  neuraminidase  treatment 
This  is  consonant  with  the  finding  that  tiyp- 
sinization  of  desialylated  VSV  was  reported 
to  result  in  a  100-fold  decrease  in  infectivity 
(26),  suggesting  that  portions  of  the  sialopep- 
tide  proximal  to  terminally  linked  NANA 
had  some  part  in  attachment  of  virions  to  cell 
receptors.  The  role  of  NANA  in  VSV  infec- 
tivity is  still  not  clear,  however,  since  othci 
workers  have  found  that  three  difiereni 
strains  of  VSV,  after  being  stripped  ol 
NANA,  remained  fiilly  infective  for  BHK 
and  mouse  cells,  but  lost  HA  activity  (27) 
NANA  appears  not  to  be  involved  in  th 
attachment  of  other  enveloped  RNA  viruse 
to  cells.  Both  Sindbis  (25)  and  Semliki  Fores 
viruses  (16)  were  reported  to  retain  biologica 
function  after  treatment  with  neuraminidase 
Sindbis  virus  grown  in  Aedes  albopictus  celb 
which  lack  NANA,  was  biologically  equiva 


Trejiment  Time  (minutes) 

Fig.  1.  Effect  of  pretreatment  of  VERO  cells  with 
neuraminidase,  trypsin,  pronase  or  periodate  on  suscep- 
tibility to  infection  with  measles  virus. 

ments  of  infected  host  cell  membrane  con- 
taining predominantly  virus-coded  antigen  as 
well  as  from  defective,  noninfectious  particles 
(24)  which  might  have  cosedimented  with 
complete  virions.  The  latter  two  sources  of 
NANA  are  still  of  viral  origin.  The  amount 
of  NANA  absorbed  to  virions  from  calf  se- 
rum in  the  medium  was  negligible. 

Viruses  which  contain  sialoglycoproteins 
have  been  reported  to  form  aggregates  (17) 
and  to  exhibit  receptor  activity  for  influenza 
virus,  demonstrable  by  inhibition  of  hemag- 
glutination (19).  On  this  basis,  our  results 
provide  further  evidence  for  the  presence  of 
sialic  acid  on  the  measles  virion,  in  contrast 
to  mumps  virus,  which,  because  it  bears  in- 
trinsic neuraminidase,  lacks  NANA  and 
therefore  fails  to  interact  with  influenza  virus 
HA.  Trypsin  reduced  both  infectivity  and  HA 
to  a  greater  extent  than  did  neuraminidase, 
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>  virus  produced  in  either  duck  or  ham- 
^Us  (14).  It  is  apparent  that  no  general- 
is  are  possible  regarding  the  role  of 
!*4ANA  in  the  attachment  of  virions  to 
usceptible  to  infection. 
x>ntrast  to  its  essential  role  in  the  mea- 
irion,  the  presence  of  NANA  in  the 
)rotein  receptor  site  appears  not  to  be 
ial  for  viral  attachment.  Accordingly, 
lent  of  VERO  cells  with  neuraminidase 
sd  in  moderate  increase  in  their  capacity 
orb  virus;  and  neuraminidase  treatment 
csus  erythrocytes  markedly  enhanced 
inability  by  virus.  It  is  possible  that 
ral  of  NANA  residues  may  unmask  re- 
's, and,  by  reducing  the  negative  surface 
s,  promote  attachment  of  measles  viri- 
Trypsin,  pronase  or  periodate  each 
y  reduced  the  susceptibility  of  Vero  cells 
ection,  and  abolished  the  reactivity  of 
I  erythrocytes  with  measles  HA.  Oxi- 
i  of  terminal  sugar  residues,  including 
A,  may  account  for  the  more  pro- 
ved effects  of  periodate  as  compared 
>roteolytic  enzymes  in  reducing  the  ca- 
of  VERO  cells  to  absorb  virus  and  in 
lating  hemagglutination.  These  findings 
ite  that  the  receptor  groupings  required 
ral  attachment,  while  not  exclusively  in 
lal  linkage,  are  still  distal  to  the  site  of 
z  cleavage. 

tly,  the  residual  bioactivity  seen  after 
lent  of  cells  with  proteolytic  enzymes 
1)  may  be  a  reflection  of  the  experimen- 
aditions  or  it  may  indicate  that  the  virus 
;  to  utilize  active  sites  on  the  cell  surface 
I  are  not  affected  by  the  enzymes  tested. 
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Leaf  proteins  are  one  of  the  most  abundant 
protein  sources  in  the  world  but  at  present 
very  little  leaf  protein  is  used  directly  for 
human  consumption.  Proteins  constitute  but 
a  small  portion  of  the  leaf;  and  for  them  to 
serve  as  a  significant  source  of  protein  for 
man,  they  must  be  concentrated.  The  cost  of 
such  concentration  has  priced  these  proteins 
out  of  serious  consideration  as  a  source  of 
human  protein  in  the  past.  Technological 
improvements  in  the  concentration  of  leaf 
proteins,  however,  have  raised  the  possibility 
that  leaf  proteins  may  serve  as  an  important 
source  of  protein  for  man  in  the  future. 

The  distribution  of  total  leaf  protein  is 
roughly  50%  soluble  and  50%  insoluble  in 
water.  Of  the  former,  approximately  one-half 
consists  of  a  single  homogeneous  protein 
whose  molecular  weight  is  approximately 
500,000  daltons.  This  protein  was  called  Frac- 
tion I  protein  at  the  time  of  its  discovery 
in  1947  but  has  since  been  shown  to  be 
identical  to  the  enzyme  ribulose  diphosphate 
carboxylase  (1).  This  enzyme  catalyzes  the 
union  of  carbon  dioxide  with  other  carbon 
containing  compounds  during  photosyn- 
thesis. It  is  present  in  all  green  leaves  and  is 
the  most  abundant,  single  protein  in  the 
world  (1).  Fraction  I  protein  from  tobacco  is 
unique  from  that  derived  from  other  green 
plants  in  that  only  from  plants  of  the  genus 
Nicotiana  (of  which  tobacco  is  a  member) 
can  it  be  obtained  in  pure,  crystalline  form 
(2).  In  the  salt  free,  crystalline  state,  lyophi- 
lization  produces  a  tasteless  white  powder. 
With  the  exception  of  a  slightly  lower  level  of 
methionine  its  content  of  essential  amino 
acids  equals  or  exceeds  that  of  the  FAO 


'  This  investigation  was  supported  in  part  by  Research 
Grant  No.  AER  76-11051  from  the  RANN  Division  of 
the  National  Science  Foundation.  However,  any  opin- 
ions, findings,  conclusions  or  recommendations  ex- 
pressed herein  are  those  of  the  authors  and  do  not 
necessarily  reflect  the  views  of  the  National  Science 
Foundation. 


Provisional  Pattern  (Table  I).  In  the  present 
communication  data  are  presented  on  the 
comparative  nutritive  value  of  casein  and 
crystalline  Fraction  I  protein  from  tobacco 
when  fed  as  the  sole  source  of  dietary  protein 
on  the  weight  increment,  PER  (protein  efiH- 
ciency  ratio),  hematological  findings,  serum 
levels  of  protein,  lipids  and  other  serum  con- 
stituents, and  organ  weights  of  inmiature 
male  rats. 

Materials  and  methods.  Tobacco  plants 
(Nicotiana  tabacum)  were  grown  in  a  green 
house  and  were  harvested  in  2-6  kg  fresh- 
weight  batches  when  they  had  attained  a 
height  of  18-21  inches.  Immediately  after 
harvesting,  crystals  of  Fraction  I  protein  were 
obtained  by  a  slight  modification  of  the 
method  developed  by  Lowe  (3).^  The  tobacco 
leaves  were  extracted  with  0.1  M  NaQ  and 
beta  mercaptoethanol,  the  filtered  juia 
heated  to  SO^  for  10  min,  centrifiiged  to  re- 
move the  insoluble  green  fraction,  and  the 
remaining  brown  solution  passed  through  a 
G-2S  Sephadex  chromatographic  column 
equilibrated  with  0.025  M  Tris-HCl  and 
0.0005  M  EDTA,  pH  7.6.  The  soluble  leaf 
proteins  eluted  in  the  void  volume  which  was 
collected.  Fraction  I  protein  crystals  appeared 
in  the  eluate  almost  inmiediately  and  contin- 
ued to  appear  during  3  days  storage  at  5^ 
The  mother  liquor  was  decanted  from  the 
layer  of  crystals  which  were  resuspended  and 
washed  in  a  small  volume  of  glass-distilled 
water.  The  suspensions  containing  6-18  g 
(dry  weight)  of  Fraction  I  protein  crystals 
were  examined  by  phase  and  dark  field  mi- 
croscopy to  insure  the  absence  of  bacteria. 
Enough  1  M  NaCl  was  added  dropwise  to 
completely  dissolve  the  crystals,  the  solution 
centrifiiged  to  remove  a  slight  turbidity  and 
the  clear,  colorless  solution  placed  in  oello- 

^  The  authors  are  indebted  to  Dr.  Richard  Lx>we  ol 
the  University  of  Kentucky  for  having  made  his  siropli 
fied  method  for  isolating  Fraction  I  protein  crystal 
available  for  their  use  prior  to  publication. 
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1.  Essential  Amino  Acids  in  Crystalline 
CTiON  1  Protein  from  Tobacco  Leaves 
lED  to  FAO  Provisional  Pattern  (Grams 
per  100  Grams  of  Protein). 


Provisional  pat- 

Fraction I  protein 

no  acids 

tern" 

from  tobacco^ 

icine 

4.2 

4.2 

ine 

4.8 

8.8 

le 

4.2 

5.8 

ylalanine 

2.8 

4.4 

sine 

2.8 

4.9 

ionine 

2.2 

1.6 

onine 

2.8 

5.2 

tophan 

1.4 

1.5 

le 

4.2 

7.2 

srence(ll). 

nilated  from  amino  add  analyses  contained  in 

5(12). 

tubing  and  dialyzed  at  S^  against  10 
;lass-distilled  water  which  was  changed 
I  at  24-hr  intervals  to  remove  NaCl. 
crystallized  protein  was  transferred  to 
tnd  the  protein  lyophilized  to  produce 
e,  nonhygroscopic  powder.  Approxi- 
800  g  of  dry  Fraction  I  protein  crystals 
3bacco  were  prepared  for  the  present 
The  latter  was  obtained  from  the  proc- 
Df  300  kg  of  fresh  tobacco  leaves, 
nty  male  rats  of  the  Sprague-Dawley 
ranging  from  48-52  g  in  body  weight 
ivided  into  two  comparable  groups  of 
nals  each.  These  were  fed  diets  similar 
AOAC  Protein  Evaluation  Diets  (4) 
Tered  as  to  the  source  of  protein.  Rats 
ip  I  were  fed  ANRC  Reference  Casein^ 
3se  in  group  II  Fraction  I  protein  from 
0  as  the  sole  source  of  dietary  protein 
was  incorporated  at  a  10%  level  (based 
ontent  X  6.2S)  in  the  test  diets.  Sucrose 
nployed  as  the  source  of  dietary  car- 
rate.  Animals  were  placed  in  individual 
cages  with  raised  screen  bottoms  and 
provided  the  above  diets  and  water  ad 
L  Animals  were  fed  daily,  and  all  food 
nsumed  24  hr  after  feeding  was  dis- 
.  Food  consumption  was  determined 
br  each  rat  for  28  days.  Animals  were 
kl  once  weekly.  After  the  28th  day  of 
g,  rats  were  fasted  overnight.  In  the 
ig  they  were  anesthetized  with  sodium 
larbitsd,  and  S  ml  of  blood  was  with- 
from  each  rat  by  heart  puncture.  Two 

RC  Reference  Casein,  Sheffield  Chemical  Co., 
i,N.Y. 


ml  were  taken  for  hematological  determina- 
tions; serum  was  separated  from  the  remain- 
ing 3  ml  and  analyzed  with  a  Technicon 
SMAC  high  speed  computer  controlled  Bio- 
chemical Analyzer^  for  serum  levels  of  pro- 
tein, lipids  and  other  serum  constituents.  The 
internal  organs  were  examined  grossly,  and 
organ  weights  were  determined.  The  data 
were  treated  statistically  by  Student's  t  test 

(5). 

Results.  Weight  increment  and  PER.  The 
average  weight  increment  and  PER  of  rats  in 
the  two  dietary  groups  after  7,  14,  21  and  28 
days  of  feeding  are  indicated  in  Table  II. 
Both  the  weight  increment  and  PER  of  rats 
fed  the  diet  containing  crystalline  Fraction  I 
protein  from  tobacco  (group  II)  were  signifi- 
cantly greater  at  each  of  the  above  time  pe- 
riods than  that  of  rats  fed  the  casein-contain- 
ing diet  (group  I). 

Hematological  findings.  The  hematological 
findings  of  rats  in  the  two  dietary  groups  after 
28  days  of  feeding  are  indicated  in  Table  III. 
No  significant  differences  in  Hb,  Hematocrit, 
RBC,  WBC,  MCHC,  MCH,  MCV  and  dif- 
ferential cell  count  were  observed  between 
the  two  groups. 

Serum  levels  of  proteins,  lipids  and  other 
constituents.  Serum  levels  of  protein,  lipids 
and  other  constituents  for  rats  in  the  two 
dietary  groups  after  28  days  of  feeding  are 
indicated  in  Table  IV.  Serum  levels  of  pro- 
tein, cholesterol,  triglyceride,  glucose,  urea, 
creatinine,  total  bilirubin,  inorganic  phospho- 
rus, sodium  and  chloride  did  not  differ  sig- 
nificantly between  the  two  groups.  Serum 
level  of  albumin,  the  A/G  ratio,  calcium  and 
carbon  dioxide  were  slightly  but  significantly 
greater  in  rats  fed  the  diet  containing  crystal- 
line Fraction  I  protein  from  tobacco  than  in 
rats  fed  the  casein-containing  diet.  Serum 
globulin  and  potassium  levels,  however,  were 
slightly  but  significantly  greater  in  rats  fed 
the  casein-containing  diet  than  in  those  fed 
the  diet  containing  crystalline  Fraction  I  pro- 
tein from  tobacco. 

Organ  weights.  Organ  weights  of  rats  in  the 
two  dietary  groups  on  the  29th  day  of  the 
experiment  are  indicated  in  Table  V.  The 
weight  of  the  liver,  kidneys,  spleen,  thymus 
and  seminal  vesicles  was  significantly  greater 


^  Technicon  Corporation,  Tarrytown,  N.Y. 
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TABLE  II.  Comparative  Effects  of  Casein  and  Crystalline  Fraction  I  Protein  from  Tobacco  on 
THE  Weight  Increment  and  PER  of  Rats  (10  Animals  per  Group). 


Casein-containing  diet 

Fraaion  I  protein-con- 

(group  I) 

tainmg  diet  (group  11) 

Initial  body  weight" 

48.8  ±  0.34 

48.8  ±  0.56 

Avg.  weight  increment  (g)  after  the  following  days  of 

feeding:' 

7  days 

18.1  ±0.80 

25.7  ±  1.29* 

14  days 

51.5  ±  1.69 

65.2  ±  1.87* 

21  days 

80.8  ±  2.40 

100.6  ±  2.25* 

28  days 

114.4  ±3.25 

139.1  ±2.78* 

Avg.  food  consumption  (g)  after  the  following  days 

of  feeding: 

7  days 

66.4 

75.6 

14  days 

167.7 

189.3 

21  days 

281.0 

324.9 

28  days 

404.5 

461.4 

PER  after  the  following  days  of  feeding:' 

7  days 

2.73  ±  0.07 

3.40  ±  0.08* 

14  days 

3.07  ±  0.06 

3.44  ±  0.03* 

21  days 

2.88  ±  0.06 

3.10  ±0.03' 

28  days 

2.83  ±  0.04 

3.01  ±  0.02* 

"  Mean  ±  SE  of  the  mean. 

^  Significantly  different  (P  <  0.001)  from  group  I  value. 

''  Significantly  different  (P<0.0\)  from  group  I  value. 


TABLE  III.  Hematological  Findings  of  Rats 

Fed  Highly  Purified  Diets  Containing  Either 

Casein  or  Fraction  1  Protein  from  Tobacco  as 

the  Sole  Source  of  Protein  (10  Animals  per 

Group). 

Fraction  I 
Casein-  protein- 

containing      containing 


Hematological 
constituents 


diet 
(group  I)" 


diet 
(group  II)" 


Hemoglobin,  g/dl 

Hematocrit,  % 

Red  blood  cells,  millions 
per  mP 

White  blood  cells,  thou- 
sands per  ml^ 

MCHC,  % 

MCH,  mcmcg 

MCV,  cu.  mic. 

Polys,  % 

Lymph,  % 


14.1  ±0.12  14.2  ±0.09 

41.3  ±0.67  42.3  ±0.20 

6.62  ±0.12  6.78  ±0.07 

6.5  ±0.66  5.7  ±0.21 


34.5  ±  0.58 
20.8  ±  0.24 
61.3  ±0.78 
8.0  ±  1.19 
92.0  ±  1.32 


34.0  ±0.12 
20.9  ±0.17 
61.3  ±0.52 
7.2  ±  0.94 
92.8  ±  1.03 


"  Mean  ±  SE  of  the  mean. 

in  rats  fed  the  diet  containing  crystalline 
Fraction  I  protein  from  tobacco  than  in  rats 
fed  the  casein-containing  diet.  When  the 
weight  of  these  organs  was  expressed  as 
weight  per  100  g  body  weight,  however,  a 
difference  between  the  two  dietary  groups 
was  no  longer  manifest.  No  significant  differ- 
ences were  observed  between  the  two  groups 
in  heart,  adrenal  and  testes  weight.  No  dif- 
ferences were  observed  grossly  in  the  appear- 
ance of  the  various  organs  between  rats  in  the 
two  dietary  groups. 


TABLE  IV.  Serum  Levels  of  Protein.  Lipids  and 

Other  Constituents  of  Rats  Fed  Purified  Diet? 

Containing  Casein  or  Crystalline  Fraction  1 

Protein  from  Tobacco  as  the  Sole  Source  of 

Protein  (10  Animals  per  Group). 

Fraction  1 
protein- 
oontaining 
Serum  diet    ^  diet 

constituents  (I9x>up  I)"      (group  ID* 


Casein- 
containing 

diet 
(group  I)" 


Total  protein,  g/dl  5.7  ±  0.07  5.8  ±  0.07 

Albumin,  g/dl  4.5  ±  0.04  4.9  ±  0.06* 

Globulin,  g/dl  1 .2  ±  0.05  0.9  ±  0.03* 

A/G  raUo  3.99  ±  0.17  5.53  ±  0.17* 

Cholesterol  mg/dl  126  ±  3.72  121  ±  143 

Tnglyceride.  mg/dl                55  ±  7.98  41  ±  621 

Glucose,  mg/dl  107  ±  20.88  85  ±  3.88 

Urea  nitrogen,  mg/dl  9.3  ±  0.90  8.0  ±  Oi3 

Creatinine,  mg/dl  0.5  ±  0.02  0.5  ±  0.02 

Total  bilirubin,  mg/dl  0.2  ±  0.00  0.2  ±  0.01 

Calcium,  mg/dl  10.6  ±  0. 10  1 1 .0  ±  0.06* 

Inorganic     phosphorus,  8.9  ±  0.36  8.7  ±0.16 

mg/dl 

Sodium,  mEq/L  139  ±1.81  142  ±  0.93 

Potassium,  mEq/L  6.6  ±  0.2 1  5.8  ±  0. 1  r 

Chloride,  mEq/L                   99  ±  0.60  99  ±  0.31 

Carbon  dioxide,  mEq/L         23  ±  0.45  25  ±  0.20* 

"  Mean  ±  SE  of  the  mean. 
^Significantly  different  {P  <  0.001)  from  group 
value. 

'^  Significantly  difTerent  (/*<  0.01)  from  group  I  value 

Discussion,  Present  findings  indicate  tb 
tobacco  which  in  the  past  has  been  growi 
primarily  for  smoking  puqposes  can  be  proc 
essed  to  produce  a  water  soluble  crystaDio 
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TABLE  V.  Organ  Weights  of  Rats  Fed  Highly  Purified  Diets  Containing  Either  Casein  or 
Fraction  I  Protein  from  Tobacco  as  the  Sole  Source  of  Protein  (10  Animals  per  Group). 


Organ 


Casein-containing 

diet  (group  I) 

Fraction  I  protein-containing  diet  (group 

Orean  wi.  per 
too g  body 

Organ  wt.  per 
lOOgbody 

Organ  wl." 

wi. 

Organ  wl." 

wl. 

5.61  ±0.20 

3.4 

6.14  ±0.09* 

3.3 

1.35  ±0.05 

0.8 

1.58  ±0.03*^ 

0.8 

0.49  ±  0.02 

0.3 

0.57  ±0.01'' 

0.3 

0.51  ±0.03 

0.3 

0.62  ±  0.03 '^ 

0.3 

0.72  ±  0.03 

0.4 

0.77  ±  0.02 

0.4 

36.4  ±  1.4 

22.3 

41.4  ±2.3 

22.0 

2.33  ±  0.05 

1.4 

2.40  ±  0.03 

1.3 

0.33  ±  0.02 

0.2 

0.44  ±  0.02'' 

0.2 

Liver,  g 
Kidneys,  g 
Spleen,  g 
Thymus,  g 
Heart,  g 
Adrenals,  mg 
Testes,  g 
Seminal  vesicles,  g 


"  Mean  ±  SE  of  the  mean. 

*  Significantly  different  {P<  0.05)  from  group  I  value. 
"  Significantly  different  (P  <  0.01)  from  group  I  value. 
'^  Significantly  different  {P<  0.001)  from  group  I  value. 

otein  of  high  biological  value.  The  latter 
rystalline  Fraction  I  protein)  is  composed 
Ltirely  of  amino  acids  (6).  In  contrast  to  the 
faction  I  protein  isolated  from  the  leaves  of 
her  plant  species  which  contain  up  to  5% 
rbohydrate  (7),  crystalline  Fraction  I  pro- 
in  from  tobacco  contains  less  than  0.0005% 
irbohydrate  as  measured  by  gas-liquid 
LTomatography-mass  spectra  analyses  (6). 
lie  absorption  spectra  of  crystalline  Fraction 
protein  from  tobacco  shows  no  evidence  of 
icleic  acids,  visible  pigments  or  materials 
hich  absorb  at  wave  lengths  greater  than 
K)  namometers  (8).  It  contains  no  minerals 
ith  the  exception  of  the  sulphur  present  in 
e  sulphur-containing  amino  acids  (9).  In 
ew  of  the  above  and  because  of  its  high 
itritional  value  as  a  source  of  protein,  it  has 
e  potential  of  being  developed  into  impor- 
nt  therapeutic  products  for  the  treatment  of 
number  of  medical  conditions.  It  would 
>pear  to  be  particularly  valuable  for  the 
eding  of  patients  with  various  types  of  renal 
sease  in  which  sodium  and/or  potassium 
take  must  be  rigorously  controlled  (10). 
nee  it  is  readily  soluble  in  water,  it  can  be 
corporated  in  low  residue  nutritionaUy 
>mplete  liquid  diets  for  the  treatment  of 
itients  with  pylorospasms,  gastrointestinal 
Uula,  short  bowel  syndrome,  tumors  of  the 
lophagus  and  gastrointestinal  tract,  pancrea- 
tis  and  other  diseases  involving  maldigestion 
id  malabsorption.  Further  studies  are  indi- 
ited  to  determine  the  effects  of  graded  levels 
r  crystalline  Fraction  I  protein  in  the  diet  on 
ngth  of  survival  and  the  incidence  and  se- 


verity of  pathological  changes  associated  with 
aging,  its  effect  on  reproductive  and  lactation 
performance,  immunocompetence,  resistance 
to  stressor  agents  and  possible  toxic  manifes- 
tations resulting  from  its  long  time  ingestion 
in  various  species  of  experimental  animals. 
Summary,  Weanling  male  rats  were  fed 
purified  diets  containing  10%  protein  in  the 
form  of  either  casein  or  twice  crystallized 
Fraction  I  protein  from  tobacco.  Findings 
indicated  that  the  average  weight  increment 
and  PER  (protein  efficiency  ratio)  of  rats  fed 
the  diet  containing  Fraction  I  protein  from 
tobacco  were  significantly  greater  throughout 
a  28-day  experimental  period  than  that  of 
rats  fed  the  diet  containing  casein.  No  signif- 
icant differences  in  hematological  fin^gs 
were  noted  between  rats  in  the  two  dietary 
groups. 
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lolera  exoenterotoxin  (CT)  derived  from 
OS  has  marked  immunoregulatory  prop- 
s  when  administered  together  with  an 
;en  into  an  experimental  animal  or  when 
id  to  lymphoid  cells  immunized  in  vitro 
).  Although  CT  is  known  to  stimulate 
ylate  cyclase  activity  and  alter  cyclic 
iosine  monophosphate  (cAMP)  levels  in 
)hoid  as  well  as  nonlymphoid  tissues 
),  the  mechanism  of  immunologic  mod- 
on  induced  by  the  toxin  is  unknown.  In 
)resent  study  the  in  vitro  hemolytic  anti- 
^  plaque  response  to  sheep  red  blood  cells 
)C)  was  found  to  be  markedly  enhanced 
1  murine  spleen  cells  were  obtained  from 

treated  with  CT  on  the  same  day  of 
ire  initiation  or  one  day  earlier,  similar 
le  enhancement  of  the  immune  response 
vo  when  mice  were  given  CT  and  RBCs 
e  same  time  (3,  5).  Furthermore,  similar 
le  effects  observed  in  vivo,  splenocytes 
i  mice  treated  several  days  earlier  with 
vere  markedly  impaired  in  their  in  vitro 
une  responsiveness  to  the  sheep  RBCs 
[n  contrast,  CT  induced  only  enhanced 
xxly  responses  when  added  to  normal 
locytes  in  vitro,  either  on  the  day  of  cul- 
initiation  or  several  days  earlier. 
ethods  and  materials.  Experimental  ani- 
.  Adult  male  Balb/c  mice  8-10  weeks  of 
ind  weighing  18  to  20  grams  each,  were 
ined  from  Cumberland  View  Farms, 
ton,  TNN  and  housed  in  groups  of  6  to 

plastic  mouse  cages  and  fed  Purina 
se  pellets  and  water  ad  libitum, 
ttigen.  Sheep  erythrocytes  were  obtained 
Isever's  solution  from  Becton-Dickinson 
ipany,  Cockeysville,  Maryland.  The 
Is  were  washed  with  culture  medium  by 
ifugation  and  resuspended  to  a  0.1% 
entration  containing  approximately  2  x 
;RBC  per  ml. 

'tolera  toxin.  The  toxin  was  obtained  from 
H.  Miller,  National  Institute  of  Allergy 
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and  Infectious  Diseases,  Bethesda,  MD,  and 
had  been  prepared  by  Dr.  Richard  Finkel- 
stein.  Microbiology  Department,  University 
of  Texas,  Southwestern  Medical  School,  Dal- 
las, TX.  The  lyophilized  toxin  was  reconsti- 
tuted with  sterile  water  and  diluted  with  phos- 
phate buffered  saline  containing  0.1%  human 
serum  albumin  to  a  concentration  of  200 
jbig/ml.  The  toxin  was  stored  at  —70°  in  smaU 
aliquots  and  immediately  before  use  diluted 
in  pyrogen-free  saline. 

In  Vitro  culture.  The  Marbrook  culture 
system  for  in  vitro  immunization  of  spleno- 
cytes was  used  essentially  as  described  earlier 
(10,  1 1).  In  brief,  5  x  10^  washed  splenocytes 
from  normal  or  toxin  treated  mice  were  cul- 
tured in  0.5  ml  minimal  essential  medium 
(MEM)  containing  10%  fetal  calf  serum 
(Flow  Laboratories,  Rockville,  MD)  on  a 
sterile  dialysis  membrane  in  the  inner  cham- 
ber of  a  Marbrook  vessel  (Bioresearch  Glass 
Company,  Vineland,  NJ).  Eleven  to  twelve 
milliliter  MEM  were  placed  in  the  outer  res- 
ervoir chamber.  Cholera  toxin  (0.1  iig)  and 
erythrocytes  (2  x  10^  SRBC)  were  added  to 
the  inner  chamber  either  on  the  day  of  culture 
initiation  or,  alternatively,  toxin  was  added 
on  day  0  and  SRBC  was  added  on  day  +2. 
Controls  consisted  of  splenocytes  incubated 
similarly  but  in  the  absence  of  either  toxin 
and/or  SRBC,  or  both.  All  cultures  were 
prepared  in  duplicate  or  triplicate  and  incu- 
bated, without  rocking,  at  37°  in  a  humidified 
atmosphere  of  83%  N2.  10%  CO2  and  7%  O2 
for  5--i6  days.  Viability  was  assessed  by  the 
standard  trypan  blue  dye  exclusion  procedure 
and  total  cell  number  determined  with  a  he- 
mocytometer. 

Determination  of  antibody  forming  cells. 
The  localized  hemolytic  assay  in  agar  gel  as 
described  initially  by  Jeme  and  associates 
(12)  was  used  to  enumerate  19S  IgM  plaque 
forming  cells  (PFCs)  in  the  culture  chambers. 
In  brief,  0.1  ml  of  a  spleen  cell  suspension 
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was  added  to  2  ml  Difco  Noble  agar  contain- 
ing 0. 1  ml  of  a  freshly  washed  10%  suspension 
of  SRBC.  The  agar  cell  mixture  was  then 
quickly  poured  onto  the  surface  of  a  previ- 
ously prepared  60  mm  diameter  petri  plate 
containing  a  base  layer  of  agar.  After  1  hr 
incubation  at  37°  the  plates  were  treated  with 
several  ml  of  a  1:10  dilution  of  guinea  pig 
complement  and  incubated  further  for  30-60 
min  at  37°.  Zones  of  hemolysis  appearing  on 
the  surface  of  the  agar  plate  were  considered 
due  to  high  efficiency  IgM  PFCs.  The  num- 
bers of  such  PFCs  for  10^  viable  cells  or  per 
whole  culture  were  determined  and  the  av- 
erage for  two  to  three  chambers  in  each  group 
calculated. 

Experimental  results.  Immunization  of  nor- 
mal splenocytes  in  vitro  with  SRBC  resulted 
in  a  marked  antibody  response  as  evident  by 
the  appearance  of  numerous  PFCs.  When 
spleen  cells  were  obtained  from  mice  pre- 
treated  with  1.0  jbig  cholera  toxin  at  various 
times  before  sacrifice  varying  numbers  of 
PFCs  appeared  for  similar  numbers  of  spleen 
cells  plated  (Table  I).  The  number  of  PFCs 
for  spleen  cell  suspensions  from  CT  treated 
mice  was  directly  related  to  the  time  of  the 
toxin  pretreatment  of  the  mice  prior  to  culture 
initiation.  There  was  little  difference  in  the 
total  number  or  viability  of  spleen  cells  in  the 
cultures  prepared  from  mice  pretreated  with 
toxin  as  compared  to  control  mice.  However, 
spleen  cells  from  mice  given  toxin  shortly 
before  sacrifice  showed  a  marked  enhance- 
ment of  PFC  formation  (approximately  two- 
fold) as  compared  to  control  cultures.  Mice 


given  toxin  1  day  before  sacrifice  shov 
less  consistent  enhanced  responsivenc 
SRBC,  but  in  general  there  were  usually 
antibody  producing  cells  for  these  eel 
compared  to  controls. 

Mice  given  CT  2  days  before  sac 
showed  a  suppression  of  their  splenic 
responsiveness,  similar  to  the  suppressio 
CT-pretreated  mice  challenged  diredl) 
then  tested  for  splenic  PFCs  (Table  I), 
thermore,  mice  given  CT  3  days  before 
rifice  showed  an  even  greater  suppressic 
their  PFC  response,  similar  to  earlier  n 
of  m  vivo  studies  in  which  CT-pretreated 
showed  marked  impairment  of  antibod 
sponsiveness  (5).  No  significant  diffei 
was  observed  for  the  number  of  ^\ 
ground"  PFCs  in  splenocyte  cultures 
bated  without  SRBC,  regardless  of  wh 
the  spleen  cells  were  obtained  from  CT 
treated  or  normal  mice  (Table  I).  In  add: 
there  was  little  difference  in  the  rate  o 
pearance  of  PFCs  in  cultures  prepared 
normal  vs.  CT-pretreated  mice  (Tabh 
Although  the  magnitude  of  the  peak  res; 
differed,  in  aU  cases  the  peak  numbei 
PFCs  occurred  on  day  +5  after  immu 
tion. 

To  determine  whether  the  toxin  influc 
the  immune  response  directly  or  becau: 
a  possible  indirect  effect  not  associated 
lymphoid  cells  per  se,  spleen  cells  from 
mal  Balb/c  mice  were  cultured  in  vitro 
SRBC,  either  with  or  without  CT.  Whc 
/ig  CT  was  added  to  normal  cultures  oi 
day  of  in  vitro  immunization,  there  ^ 


TABLE  I.  In  Vitro  Antibody  Response  of  Spleen  Cells  from  Normal  and  Cholera  Toxin 

Pretreated  Mice. 


Antibody  PFC 

response'^ 

Per  10^  spleen 

Percent  of 

Percent  of 

Backgroui 

PFCrcspoi 

per  cultui 

Spleen  cell  source" 

cells 

control 

Per  culture 

control 

Normal  (controls) 

822  ±21 

— 

1603  ±  68 

— 

72  ±15 

CT-lrealed*^  day        0 

1525  ±  210 

186 

2850  ±  360 

178 

79  ±32 

-I 

1209  ±  56 

147 

2290  ±216 

143 

64±  19 

-2 

448  ±  136 

54 

860  ±  130 

54 

74  ±30 

-3 

273  ±  76 

33 

563  ±  198 

35 

68  ±27 

-7 

734  ±42 

89 

1350  ±210 

83 

78  ±24 

-10 

829  ±  38 

108 

1560  ±  220 

97 

74±3e 

°  5  X  10"  spleen  cells  from  indicated  group  cultured  in  vitro. 

^  Average  number  of  PFCs  (±SE)  for  6-8  cultures  per  group  5  days  after  in  vitro  immunization  with  2  X  10^ 
RBCs;  number  of  nucleated  cells  per  culture  averaged  1.8  X  10^  viable  cells  ±  0.25  x  10"  for  all  cultures  at  t 
assay. 

''  Groups  of  5-10  donor  mice  injected  iv  with  1.0  /ig  CT  on  indicated  day  before  culturing. 
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marked  enhancement  of  the  PFC  response. 
This  dose  of  CT  had  no  effect  on  cell  viability 
or  number.  Similar  effects  were  noted  with 
CT  ranging  from  0.01  to  0.5  /xg.  Higher  doses 
caused  cell  death  and  lower  doses  had  no 
effect  on  antibody  formation.  The  enhance- 
ment of  antibody  formation  was  as  great  if 
not  greater  than  that  which  occurred  when 
splenocytes  were  obtained  from  mice  treated 
with  CT  on  the  day  of  sacrifice  or  1  day 
earlier  (Table  III).  In  order  to  determine 
whether  pretreatment  of  spleen  cells  in  vitro 
with  toxin  could  depress  the  immune  re- 
sponse as  occurred  with  pretreated  mice,  nor- 
mal mouse  spleen  cell  cultures  were  treated 
with  0.01-0.5  /ig  toxin  on  day  0  and  SRBC 
added  2  days  later.  PFCs  were  assayed  4  days 
after  in  vitro  immunization  (i.e.,  6  days  after 
culture  initiation).  As  can  be  seen  in  Table 


TABLE  II.  Cytokinetics  of  Appearance  of 
Antibody  Forming  Cells  to  SRBC  by  Spleen 

Cells  from  Normal  Mice  Pretreated  with 
Cholera  Toxin  after  Immunization  in  Vitro. 


Time  in 

PFC  per  culture* 

daysafler 

in  vitro  im- 

CT-pretreatcd on  day*^ 

muniza- 

tion" 

Normal 

0 

-3 

0 

ll±3 

35  ±5 

10  ±6 

+2 

89  ±  19 

148  ±42 

38  ±17 

+3 

310  ±26 

570  ±  68 

86  ±28 

+4 

810  ±38 

1715  ±  195 

193  ±  18 

+5 

976  ±  48 

1930  ±  240 

224  ±65 

+8 

478  ±  39 

1130±  140 

no  ±27 

°  5  X  10^  spleen  cells  from  normal  or  CT  pretreated 
(1.0  /ig)  mice  immunized  in  vitro  with  2  X  10^  SRBC  and 
PFC  responses  determined  on  indicated  days  thereafter. 

*  Average  number  of  PFC  for  3-5  culture  per  group 
(±SE). 


Ill,  a  marked  enhancement  of  the  PFC  re- 
sponse was  evident  for  these  cultures  treated 
with  0.1  /ig  CT  before  immunization,  similar 
to  the  enhancement  occurring  when  the  same 
dose  of  CT  was  added  to  cultures  on  the  day 
of  in  vitro  immunization.  When  the  CT  dose 
was  varied  from  0.01  to  O.S  fig  similar  effects 
occurred.  Such  enhancement  contrasted 
markedly  with  the  depressed  PFC  response 
of  spleen  cells  obtained  from  mice  treated 
2-3  days  earlier  in  vivo  with  toxin. 

Coculture  of  5  x  10^  spleen  cells  from  three 
day  CT  pretreated  mice  together  with  an 
equal  number  of  spleen  cells  from  normal 
mice  did  not  affect  the  expected  immune 
response.  In  a  typical  experiment  1705  ±  122 
PFCs  occurred  per  culture  containing  normal 
splenocytes  alone  and  372  ±  96  PFCs  devel- 
oped in  cultures  containing  the  same  number 
of  spleen  cells  from  three  day  CT  pretreated 
mice.  When  equal  number  of  these  cells  were 
cocultured  together  the  total  number  of  PFCs 
was  2218  ±  1491,  a  number  quite  close  to 
that  expected  from  the  sum  of  the  expected 
number  of  PFCs  in  cultures  of  normal  and 
CT  pretreated  splenocytes.  Varying  the  ratio 
of  spleen  cells  from  normal  vs  CT-pretreated 
mice  similarly  resulted  in  the  expected  num- 
ber of  PFCs.  Thus  it  did  not  appear  likely 
that  the  spleen  cell  suspension  from  CT  pre- 
treated mice  contained  ''suppressor"  cells 
which  could  affect  the  expected  antibody  re- 
sponse of  spleen  cells  from  untreated  mice. 

Discussion,  Cholera  toxin  is  known  to  mod- 
ulate immune  responses,  both  in  vivo  and  in 
vitro  (1-6).  Earlier  studies  in  this  laboratory 
showed  that  injection  of  toxin  into  Balb/c 
mice  prior  to  immunization  with  sheep  RBCs 


TABLE  III.  In  Vitro  Antibody  Responses  of  Spleen  Cells  from  Normal  Mice  Treated  with 

Cholera  Toxin. 


Day  culture  im- 

CT-trcat- 

Antibody  PF  Response '^ 

Culture 

munized  with 

ment  of  cul- 

Per 10^  spleen 

Percent  of 

Percent  of 

group 

SRBC- 

ture* 

cells 

control             Per  culture 

control 

Ai 

Day  0 

- 

533  ±  109 

—                 1005  ±  170 

_ 

A2 

0 

+ 

3951  ±477 

741                7540  ±  622 

750 

Bi 

Day  +2 

- 

339  ±  37 

—                   528  ±  46 

— 

B2 

+2 

+ 

1715  ±379 

506               2680  ±  498 

508 

'  5  X  10"  normal  mouse  spleen  cells  cultured  in  vitro  and  immunized  either  on  day  of  culture  initiation  or  2  days 
later  with  2  x  10*  SRBC. 

*  Indicated  spleen  cell  cultures  treated  on  day  of  culture  initiation  (day  0)  with  0.1  /ig  CT. 

'  Average  PFC  (±SE)  response  for  5-8  cultures  per  group;  group  Ai  and  A2  tested  5  days  after  culture  initiation 
and  in  vitro  immunization  while  group  Bi  and  B2  tested  on  day  6  after  culture  initiation  (4  days  after  in  vitro 
immunization). 
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resulted  in  markedly  depressed  antibody  re- 
sponses (3,  5).  Toxin  treatment  at  the  time  of 
immunization  in  vivo  was  found  to  enhance 
the  immune  response.  These  contrasting  ef- 
fects of  CT  according  to  the  time  of  toxin 
administration  relative  to  the  day  of  challenge 
immunization  was  attributed  to  effects  on 
adenylate  cyclase,  the  enzyme  which  cata- 
lyses the  conversion  of  adenosine  diphos- 
phate to  cAMP.  The  increased  antibody  re- 
sponsiveness in  mice  given  CT  simultane- 
ously with  antigen  or  one  day  earlier  is 
thought  to  be  related  to  increased  nucleotide 
levels  (S,  8).  On  the  other  hand,  decreased 
antibody  formation  in  mice  given  CT  several 
days  before  antigen  appeared  to  be  related  to 
lower  levels  of  cAMP.  CT  also  affects  the 
nucleotide  levels  of  mouse  lymphoid  cells 
treated  in  vitro.  However,  only  increased  lev- 
els occurred,  without  the  decrease. 

In  the  present  study,  the  enhancement  of 
PFC  responsiveness  by  normal  splenocytes 
treated  in  vitro  with  CT,  may  also  be  related 
to  altered  cyclase  and  cAMP  levels.  The  fail- 
ure of  CT  pretreatment  in  vitro  to  depress  the 
antibody  response  of  mouse  splenocytes  im- 
munized with  SRBC  could  be  due  to  the 
failure  of  the  toxin  to  influence  certain  target 
cells,  other  than  lymphocytes,  which  may  be 
important  for  in  vivo  induced  immuno- 
suppression. It  is  also  possible  that  lympho- 
cyte depletion  induced  by  CT  injection  into 
mice  may  influence  the  in  vivo  but  not  in  vitro 
response  to  SRBC.  Earlier  studies  in  several 
laboratories,  including  this  one,  have  shown 
a  temporary  decrease  in  lymphocyte  number 
within  2-5  days  after  CT  injection.  However, 
maximum  depression  was  never  greater  than 
30%,  while  the  depression  of  antibody  form- 
ing cell  often  reached  70-80%,  indicating  that 
lymphopenia  per  se  could  not  account  for  the 
observed  immunologic  impairment  in  vivo. 
However,  CT  appeared  to  have  a  preferential 
depressive  effect  on  T  cell  number,  since  T 
dependent  areas  in  the  spleen  were  often 
affected  after  CT  injection.  Other  studies  in 
this  laboratory,  using  immunofluorescent 
procedures,  indicated  a  moderate  depletion 
of  lymphoid  cells  rich  in  theta  antigen  on 
their  surface  (presumably  T  cells)  as  well  as 
cells  with  surface  Ig  globulins,  presumably  B 
cells.  Depletion  of  lymphocytes  in  vivo  may 
not   directly   be   responsible   for   immuno- 


suppression. Even  thymic  lymphopenia  miy  . 
not  be  a  direct  effect  of  the  toxin.  For  exam-  | 
pie,  it  has  been  reported  that  observed  deple-  i 
tion  of  lymphoid  cells  after  CT  treatment  can  I 
be  prevented  by  prior  adrenalectomy  of  mice  | 
( 1 3).  Exogenous  and  endogenous  adrenal  glu-  i 
cocorticosteroid  hormones  are  known  to  in-  | 
duce  lymphocytopenia  (13,  14).  Stimulation 
of  adrenal  corticosteroid  synthesis  and  release 
of  corticotropin  (ACTH)  are  influenced  by 
cAMP  (14).  Thus  it  is  possible  that  CT  injec- 
tion into  mice  causes  an  increase  in  the  level 
of  circulating    adrenal   cortical    hormones 
which,  in  turn,  produces  an  eflect  on  lymph- 
oid cells. 

A  marked  dysfunction  of  lymphoid  cells, 
even  without  their  obstruction,  may  occur  in 
terms  of  immune  responsiveness.  Even  when 
similar  numbers  of  spleen  cells  from  normal 
and  CT-pretreated  mice  are  cultured  with 
SRBC,  the  splenocytes  from  the  toxin  treated 
mice  were  found  not  to  respond  in  a  normal 
manner  to  the  antigen.  On  the  other  hand, 
treating  cells  entirely  in  vitro  with  CT  caused 
only  an  immunoenhancement  when  toxin 
was  added  2  days  before  antigen  to  simulate 
as  closely  as  possible  the  in  vivo  experiments 
which  resulted  in  the  immunosuppression. 
No  impairment  of  immune  responsiveness 
was  evident  in  such  in  vitro  treated  cultures, 
as  occurred  when  CT  was  given  to  mice  2-3 
days  before  culture.  Thus  it  seems  likely  that 
CT  affects  the  immune  response  mechanism 
in  a  negative  manner  only  when  given  in  vivo 
so  target  cells  other  than  those  directly  in- 
volved in  antibody  formation  are  influenced. 

Studies  in  progress  are  directed  at  deter- 
mining the  nature  of  such  possible  target 
cells.  It  does  not  appear  likely  that  CT  in- 
duces or  increases  the  number  of,  or  activity 
of  "suppressor"  cells,  since  cocultivation  of 
graded  numbers  of  spleen  cells  from  3-day 
CT  pretreated  mice  with  equal  numbers  of 
spleen  cells  from  normal  mice  did  not  influ- 
ence the  antibody  response  to  SRBC  in  vitro 
(unpublished  observations).  The  enhanced 
antibody  response  of  spleen  cells  from  mice 
given  CT  the  day  of  sacriflce  or  by  spleen 
cells  treated  in  vitro  with  CT  on  the  day  of  m 
vitro  inmiunization  or  2  days  earlier,  did  not 
appear  due  to  stimulation  of  helper  or  non- 
specific enhancing  lymphoid  cells,  since  co- 
cultivation  experiments  with  normal  spleen 
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in  vitro  did  not  result  in  PFC  responses 

;reater  than  would  be  expected  from  the 

3f  the  cell  population  used  (unpublished 

vations). 

mmary.  Cholera  toxin  is  known  to  affect 

ody  responsiveness,  both  in  vivo  and  in 

In  the  present  study  spleen  cells  from 

pretreated  with  cholera  toxin  were 
edly  deficient  in  their  ability  to  respond 
sep  red  blood  cells  by  forming  hemolytic 
odies  in  vitro,  whereas  splenocytes  from 
treated  with  toxin  on  the  day  of  immu- 
ion  or  1  day  earlier,  showed  marked 
Qcement  of  antibody  responsiveness 
in  vitro  chaUenge  immunization.  Spleen 
from  normal  mice  treated  in  vitro  with 
xa  toxin  at  the  same  time  as  inmiuniza- 
also  showed  a  marked  enhancement  of 
tnmune  response.  Furthermore,  normal 
n  cell  cultures  first  treated  with  cholera 

in  vitro  and  then  immunized  2  days 
with  sheep  erythrocytes  showed  an  in- 
ed  rather  than  decreased  PFC  response, 
e  results  indicate  that  depression  of  an- 
y  formation  observed  in  vivo  or  in  vitro 

spleen  cells  from  cholera  toxin  pre- 
^  animals  may  reflect  an  indirect  effect, 
eas  increased  responses  induced  by  toxin 
sure  on  the  day  of  immunization,  either 


in  vivo  or  in  vitro,  may  reflect  a  direct  en- 
hancing effect  on  immunocytes/^er  se, 
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Respiratory  syncytial  virus,  a  member  of 
the  Paramyxoviridae,  Genus  Pneumovirus, 
(1),  is  recognized  as  the  single  most  important 
viral  agent  causing  serious  respiratory  disease 
in  infants  and  young  children  (1-5).  The  virus 
is  an  important  cause  for  bronchitis,  broncho- 
pneumonia, and  pneumonitis  in  young  chil- 
dren and  is  a  frequent  cause  of  coryzal  illness 
in  older  children  and  adults  in  whom  lower 
respiratory  tract  infection  may  also  occur. 
First  infection  with  the  virus,  commonly  as- 
sociated with  bronchiolitis  and  pneumonia, 
often  occurs  in  early  life  and  is  sometimes 
fatal. 

There  is  no  currently  acceptable  vaccine 
against  respiratory  syncytial  virus  infections. 
Killed  virus  vaccines  have  not  presented  evi- 
dence of  inducing  high-level  immunity 
(6-10).  Live  attenuated  virus  vaccines  (11-15) 
given  directly  into  the  respiratory  tract  have 
not  been  satisfactorily  developed  to  date. 

The  present  report  describes  the  develop- 
ment and  clinical  testing  of  a  new  and  unique 
live  attenuated  respiratory  syncytial  virus 
vaccine  that  is  administered  by  parenteral 
injection.  Infants  and  young  children  who  are 
initially  without  neutralizing  antibody 
against  the  virus  develop  such  antibody  fol- 
lowing vaccination.  The  vaccine  causes  min- 
imal, if  any,  clinical  reaction. 

Materials  and  methods.  Vaccine.  A  throat 
swab  taken  January  26,  1973  from  a  patient 
(S.A.,  C-73-287)  with  respiratory  syncytial 
virus  infection  was  obtained  on  May  23,  1973 
from  Dr.  Robert  Chanock.  An  isolate,  iden- 
tified as  strain  287  respiratory  syncytial  virus, 
was  recovered  in  cell  cultures  of  grivet  mon- 
key kidney  that  were  prescreened  to  rule  out 
presence  of  adventitious  agents.  One  addi- 
tional passage  was  made  in  grivet  monkey 
kidney  cells  and  subsequent  passages  were 
made  in  WI-38  line  diploid  human  embry- 
onic lung  cell  cultures  that  were  monitored  in 


accordance  with  the  ^'Revised  Standards  for 
Karyology  of  Human  Diploid  Cell  Cultures** 
(16).  Virus  that  was  propagated  in  fifth  and 
in  tenth  WI-38  cell  culture  passage  was  used 
to  prepare  Lots  594  and  592,  respectively,  of 
vaccine.  Virus-infected  cell  culture  fluids 
were  clarified  by  passing  through  a  medium 
(15  micron)  sintered  glass  filter,  dispensed  in 
1.2  ml  amounts  into  vials,  and  lyophiUzed. 
Appropriate  in  vivo  and  in  vitro  tests,  includ- 
ing tests  in  monkeys,  were  carried  out  on  the 
pre-clarified  virus  samples,  on  the  vaccine, 
and  on  uninoculated  control  culture  fluids  to 
rule  out  the  presence  of  extraneous  microbial 
and  viral  contaminants  by  procedures  that 
are  consistent  with  current  standards  for 
safety  of  live  virus  vaccines  (17).  Electron 
microscopic  examination  of  the  vaccine  using 
a  thin  sectioning  technique  (18)  revealed 
10^-10®  viral  particles  per  ml.  There  was  in- 
sufficient viral  antigen  in  the  vaccine  to  per- 
mit detection  in  the  complement-fixation  test 
(1:2).  Titrations  of  viral  infectivity  were  car- 
ried out  in  Hep-2  cells  read  14  days  after 
inoculation.  The  infectiviw  titer  of  passage  5, 
Lot  594,  vaccine  was  10"^V0.1  ml  and  that 
for  passage  10,  Lot  592  vaccine  was  10""/0.1 
ml.  Serum  neutralization  tests  were  performed 
using  Hep-2  cell  cultures.  Strain  287  of  res- 
piratory syncytial  virus  seed  stock  was  diluted 
to  contain  10-30  TCID50  per  0.1  ml  and  was 
mixed  with  equal  volumes  of  serial  twofoU 
dilutions  of  subject  sera  that  were  inactivated 
by  heating  at  56''C  for  30  min.  Duplicate  cd 
cultures  were  inoculated  with  0.2  ml  of  thi 
mixtures  following  incubation  at  37^C  for 
hr  and  incubated  at  37''C  for  7  days  at  whid 
time  observations  were  made  for  cytopathd 
ogy.  The  serum  titer  was  the  highest  initia 
dilution  of  serum  that  totally  prevented  vin 
cytopathology.  Titrations  of  the  viral  seei 
stock  were  carried  out  simultaneously  to  es 
tablish  the  TCID50  dose.  Cytopathology  fin 
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1  on  the  fifth  day  in  cultures  inocu- 

th  10-30  TCIDso  of  virus. 

al  populations.  Two  studies  were  car- 

among  infants  and  children  from 
:lass  socioeconomic  background  who 
good  health  and  who  resided  in  open 
ons  in  the  Havertown  area  of  subur- 
ladelphia.  The  studies  were  done  in 
nans'  offices  and  informed  written 
;  were  obtained  from  the  parents  or 
IS.  Study  487  of  Lot  594  (passage  5) 
was  carried  out  between  October  12, 
d  April  26,  1977  among  39  infants 
Idren  9  months  to  4  years  of  age. 
one  participants  received  0.5  ml  of 
subcutaneously  and  18  older  siblings 
contacts  served  as  unvaccinated  con- 
trols. Study  456  of  Lot  592  (passage 
ine  was  carried  out  between  April  7 
ly  19,  1976  among  27  infants  and 
,  6  months  to  3  years  of  age.  Fifteen 
mts  received  0.5  ml  of  vaccine  sub- 
iisly.  Twelve  older  siblings  served  as 
controls.  Temperatures  were  taken 
f  the  mothers  for  28  days,  and  aU 

were  reported  to  one  of  us  (REW). 
made  telephone  calls  twice  a  week 
)me  visit  on  day  5  or  6  to  observe  all 
and  encourage  close  observation,  re- 
and  reporting  by  the  parent.  Any 
lio  became  ill  was  cared  for  by  his 
n.  Blood  samples  were  taken  from  all 
Iren  immediately  prior  to  and  6  weeks 
;  vaccine  was  given  in  order  to  mea- 
ibody  responses  to  the  vaccine  and 
ossible  spread  of  infection  to  suscep- 
itact  controls.  Nasal  washings,  free  of 
/ere  collected  from  a  portion  of  the 
in  Study  487  to  test  for  nasal  anti- 
isponse  following  vaccination.  The 
were  taken  in  5  ml  of  saline  solution 
nasally. 

is.  Neutralizing  antibody  responses  to 
ion  in  initially  seronegative  children, 
shows  the  homologous  antibody  titers 
s  after  vaccination  among  children 
eived  passage  5  or  10  respiratory  syn- 
irus  vaccine  or  who  served  as  unvac- 
controls.  Ninety-three  percent  of  pas- 
ind  75%  of  passage  10  vaccine  recipi- 
/eloped  antibody  following  vaccina- 
d  none  of  the  11  contact  controls 
ed  such  antibody.  Two  of  six  persons 


tested  who  received  passage  5  vaccine  dis- 
played detectable  neutralizing  antibody  in  the 
nasal  secretions  and  none  of  the  three  initiaUy 
seronegative  contact  controls  developed  an- 
tibody. The  protein  content  of  the  nasal  se- 
cretions ranged  from  7.8  to  104.0  mg/100  ml. 
Not  aU  secretions  contained  sufficient  protein 
to  permit  detection  of  antibody,  but  the  pro- 
tein content  of  the  two  samples  from  each  of 
the  two  patients  in  whom  responses  were 
noted  were  roughly  the  same  (patient  25, 73.2 
and  104.0  mg;  patient  37,  36.4  and  49.7  mg). 

Tests  for  neutralizing  antibody  responses  in 
14  initially  seropositive  children  given  the  vac- 
cine. As  shown  in  Table  II,  2  initially  sero- 
positive children  (Nos.  18  and  24)  showed 
fourfold  or  greater  increases  in  antibody  fol- 
lowing vaccination,  three  were  indeterminate, 
and  nine  showed  no  change. 

Clinical  reactions  among  the  subjects.  As 
might  be  expected,  many  of  the  children  dis- 
played episodes  of  respiratory  illness  during 
the  28-day  observation  period  following  vac- 
cination. Table  III  summarizes  the  composi- 
tion of  the  test  and  control  groups  according 
to  age  and  number,  and  the  numbers  of  res- 
piratory disease  episodes  that  were  observed. 
All  illnesses  were  mild,  limited  to  the  upper 
respiratory  tract,  and  were  diagnosed  as  colds 
or  pharyngitis.  No  child  displayed  lower  res- 
piratory tract  involvement.  The  distribution 
of  such  illnesses  was  not  remarkably  different 
between  the  groups  whether  initially  sero- 
negative, seropositive,  and  whether  given  vac- 
cine or  not.  There  was  no  indication  of  illness 
caused  by  the  vaccine.  If,  indeed,  such  did 
occur  it  would  have  been  very  mild  and 
clinically  inconsequential. 

Table  IV  shows  the  occurrence  of  fever, 
according  to  time  after  vaccination,  among 
the  initially  seronegative  and  seropositive 
children  who  received  the  vaccine  and  among 
the  unvaccinated  controls.  The  occurrence  of 
fever  appeared  to  be  randomly  distributed 
among  aJl  the  groups.  Fever  caused  by  the 
vaccine  was  infrequent,  if  it  occurred  at  all. 

Distribution  of  antibody,  according  to  age. 
All  the  initial  serum  samples  taken  from  the 
66  subjects  in  the  study  were  tested  for  pres- 
ence and  amount  of  neutralizing  antibody 
against  respiratory  syncytial  virus  with  the 
findings  shown  in  Fig.  1.  Among  the  subjects, 
there  was  gradual  increase  in  percentage  of 
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TABLE  I.  Homologous  Neutralizing  Antibody  Responses  in  Young  Initially  Seronegative 
Children  Given  Live  Respiratory  Syncytial  Virus  Vaccine  by  the  Subcutaneous  Route. 


Patients 

Neutralizing  antibody  response 

Circulating 

Vaccine 

Seroconversion 

Nasal 

Pas- 

sage 

Idem. 

Age 

No. 

Lot  No. 

nS. 

Group 

No. 

(Mos.) 

Titer 

Total 

Rate 

Titer 

594  (C-D495) 

5 

Vaccine 

7 

9 

<2 

13/14 

93% 

(Study  487) 

Control 

31 
24 
25 
27 
36 

19 
11 
37 
5 
18 
13 
22 

9 

10 
10 
13 
13 
14 
14 
15 
15 
16 
18 
20 
32 

4 

4 

4 

4 

8 

2 

2 

8 
16 

4 
32 

2 
16 
Mean  (4.9) 

0/8 

0% 

<2 

2 
<2 
<2 

4 

<2 

35,   3a    32, 

16, 

20,   20, 

<2 

<2,<2,<2 

20,  2,  12, 

25,28.31, 

<2 

17,8 

43.46 

<2 

592  (C-D478) 

10 

Vaccine 

4 

7 

<2 

6/8 

75% 

(Study  456) 

Control 

13 
8 

20 
22 
12 
23 
14 

7 
11 
11 
12 
15 
18 
19 

2 

<2 

16 

2 

16 

8 

2 

Mean  (3.4) 

3.7,11 

22,  28,  33 

<2 

0/3 

0% 

seropositives  with  increasing  age.  Of  the  total 
group  of  persons,  who  were  in  the  6  to  48 
months  of  age  range,  half  were  seronegative. 
Discussion.  The  frequently  severe  and 
sometimes  fatal  respiratory  illnesses  in  young 
children  caused  by  respiratory  syncytial  virus 
infection  justifies  concerted  effort  to  develop 
an  effective  vaccine.  Reinfection  that  occurs 
in  older  children  and  adults  is  usually  far  less 
severe  than  in  infants  and  manifestations  of 
the  illness  are  ordinarily  limited  to  the  upper 
respiratory  tract,  though  bronchitis,  broncho- 
pneumonia or  pneumonia  may  occur  (1,  2, 
11).  The  fact  that  frequency  and  severity  of 
illness  is  inversely  related  to  presence  of  cir- 
culating homologous  neutralizing  antibody 


(19, 21,  22)  provides  a  basis  for  preventing  or 
modifying  the  natural  disease  by  vaccines. 

Killed  respiratory  syncytial  virus  vaccines 
though  capable  of  stimulating  antibody,  have 
not  shown  great  promise  for  preventing  nt 
fection  or  illness  caused  by  the  virus.  Infant 
given  one  particular  killed  vaccine  (8-10 
developed  more  serious  illness  than  thosi 
who  were  not  vaccinated.  In  attempts  to  ex 
plain  this  phenomenon,  Chanock  and  co 
workers  (20)  suggested  that  an  inununopath 
ologic  reaction  might  be  involved  in  the  lun( 
of  the  children,  on  natural  infection,  that  i 
due  to  absence  of  IgA  antibody  and  the  pits 
ence  of  circulating  neutralizing  antibody  c 
the  IgG  class  induced  by  killed  vaccine  c 
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ively  transferred  from  the  mother.  Va- 
y  for  this  hypothesis  is  doubtful  since 
nt  studies  have  shown  a  relative  sparing 
;n  (21)  from  the  disease  in  children  less 
I  1  month  of  age  when  maternally  ac- 
ed  IgG  antibody  is  at  its  highest  level  and 
e  the  severity  of  pneumonias  caused  by 
•iratory  syncytial  virus  in  early  infancy  is 
irsely  related  to  the  level  of  circulating 
tralizing  antibody  (19,  21,  22).  The  more 
;re  illness  that  occurred  in  infants  who 
e  given  killed  virus  vaccine  might  have 
1  due  to  the  relative  impurity  of  the  vac- 
used  that  might  have  induced  sensitiza- 


BLE  II.  Neutralizing  Antibody  Findings  in 
NiTiALLY  Seropositive  Children  who  were 
Vaccinated. 


Serum  neutralizing  anti- 
body titer 


Subject 

Before  vac- 

After vac- 

accine 

No. 

cination 

cmation 

594 

3 

16 

16 

.    5    vac- 

28 

32 

32 

ne) 

9 

64 

64 

15 

64 

64 

29 

>64 

128 

33 

>64 

128 

38 

>64 

256 

592 

16 

2 

2 

.    10  vac- 

10 

32 

32 

ne) 

18 

64 

256 

6 

128 

128 

24 

128 

1024 

26 

128 

128 

2 

1024 

1024 

tion  to  the  tissue  components  in  the  vaccine 
or  to  tissue-viral  antigen  combinations. 

Two  live  respiratory  virus  vaccines  devel- 
oped by  Chanock  et  al  (11,  12,  IS)  that  are 
administered  by  nasal  inoculation  have  been 
tested  in  man.  RS-Al  (RSV-26°)  vaccine  (11, 
13,  15),  made  from  virus  adapted  to  growth 
at  low  temperature,  displayed  limited  infec- 
tivity  for  adults,  was  poorly  immunogenic  in 
infants  and  young  children  who  were  having 
first  experience  with  the  virus,  and  was  not 
considered  suitable  for  vaccination  purpose. 
A  second  vaccine,  prepared  from  a  tempera- 
ture-sensitive mutant  of  respiratory  syncytial 
virus  (ts-1)  (12,  13,  14),  was  also  considered 
unsuitable  for  routine  use  in  young  children 
because  it  produced  illness  in  susceptible  in- 
dividuals, produced  infections  in  which  virus 
was  shed  that  were  contagious  to  susceptible 
contacts,  and  showed  partial  genetic  reversion 
to  "wild-type"  genotype  (23)  following  hu- 
man infection.  All  of  a  group  of  initially 
seronegative  children  less  than  6  years  of  age 
and  about  half  of  children  6-13  years  of  age 
developed  neutralizing  antibody.  There  was 
no  evidence  for  potentiation  of  natural  illness 
by  the  live  attenuated  virus  vaccine  (14). 

The  respiratory  syncytial  virus  vaccine  de- 
scribed in  this  report  is  novel  in  that  it  was 
administered  parenterally  and  used  the  same 
route  of  administration  as  for  live  measles, 
mumps,  and  rubella  virus  vaccines.  Most  im- 
portantly, 19  of  the  22  initially  seronegative 
individuals  (86%)  developed  circulating  anti- 
body and  2  of  6  of  these  persons  who  were 
tested  developed  detectable  amounts  of  anti- 


ILE  III.  Respiratory  Disease  Episodes,"  According  to  Initial  Serostatus  Among  Vaccinees  and 

Controls. 


Pas.  5  vaccine  (Lot  594) 


Pas.  10  vaccine  (Lot  592) 


Day  of  onset 

No.  in  group 

No.  with  ill- 

No. in  group 

No.  with  ill- 

Test group 

of  illness 

(age  in  mos.) 

ness  (%) 

(age  in  mos.) 

ness  (%) 

Initial  seronegative 

0-2 

14  (9-32) 

3(21) 

8 (7-19) 

2(25) 

3-14 

6(43) 

4(50) 

15-21 

5(36) 

2(25) 

Initial  seropositive 

0-2 

7(9-21) 

0(0) 

7(6-19) 

1(14) 

3-14 

5(71) 

2(29) 

15-21 

2(29) 

1(14) 

Unvaccinated  controls 

All  persons 

0-2 

18(16-48) 

2(11) 

12  (22-44) 

1(9) 

3-14 

7(39) 

1(9) 

15-21 

5(28) 

1(9) 

All  were  cases  of  upper  respiratory  illness. 
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TABLE  IV.  Maximum  Temperature,  Oral  (^F),  According  to  Initial  Serostatus,  Among  Vaccweb 

AND  Controls  (See  Table  III). 


Test  group 


Time  pe- 
riod after 
vaccina- 
tion 
(days) 


Maximum  temperature — No.  (%) 


Vaccine  pas.  5  (Lot  594) 


Vaccine  pas.  10  (Lot  592) 


<99 


99- 
100.9 


101- 
102.4 


104.0 


<99 


99- 
100.9 


101- 
lOIO 


Vaccinated 
Initial  seronegative 

Initial  seropositive 

Unvaccinated  controls 
All  persons 


0-2 
3-14 

15-21 
0-2 
3-14 

15-21 

0-2 
3-14 
15-21 


4  (28.6) 

4  (28.6) 

5  (35.7) 
4(57.1) 
4(57.1) 
5(71.4) 

11  (61.1) 
7  (38.9) 


9(64.3) 
8(57.1) 
8(57.1) 
3  (42.9) 
2  (28.6) 
1  (14.3) 

6  (33.3) 
9  (50.0) 


7  (38.9)       10  (55.6) 


I  (7.1) 
2(14.3) 
I  (7.1) 

1  (14.3) 
I  (14.3) 

I  (5.6) 
2(11.1) 


3  (37.5) 

1  (12.5) 
5  (62.5) 
3  (42.9) 

2  (28.6) 

2  (28.6) 

3  (25.0) 
2(16.7) 


5  (62.5) 

6  (75.0) 
3  (37.5) 
4(57.1) 
5(71.4) 
5(71.4) 

9  (75.0) 
10  (83.3) 


1(115) 


1  (5.6)      7  (58.3)       4  (33.3)         I  (SJ) 


body  in  the  nasal  secretions  as  well.  As  with 
mumps  vaccine  (24),  the  circulating  neutral- 
izing antibody  titers  obtained  were  far  less 
(mumps  mean  about  8)  than  found  following 
natural  infection  (mumps  mean  about  40), 
and  few  persons  with  preexisting  antibody 
showed  antibody  increase  on  vaccination. 
Though  respiratory  syncytial  virus  is  not  or- 
dinarily associated  with  systemic  infection 
and  viremia,  there  appeared  to  be  sufficient 
replication  following  parenteral  injection  to 
permit  development  of  a  substantial  circulat- 
ing antibody  response  that  was  also  found  in 
the  nasal  secretions.  Importantly,  none  of  the 
vaccinated  susceptible  persons  showed  more 
than  very  minor  respiratory  illness,  if  any  at 
all.  None  of  the  susceptible  contacts  devel- 
oped antibody  against  the  virus,  indicating 
lack  of  contagious  spread  from  the  vaccinated 
persons.  The  vaccine,  as  presently  consti- 
tuted, presents  very  desirable  attributes  for  a 
live  virus  vaccine  and  warrants  continued 
studies  to  determine  the  efficacy  in  prevent- 
ing illness  caused  by  this  agent.  Importantly, 
the  vaccinated  subjects  are  being  followed  for 
clinical  response  on  reinfection  in  nature  with 
respiratory  syncytial  virus. 

The  question  might  reasonably  be  asked 
whether  there  was  actual  replication  of  the 
virus  in  the  human  subjects  or  whether  the 
antibody  response  was  due  to  presence  of 
nonreplicating  viral  substance  in  the  vaccine. 
Viral  repUcation  appears  highly  likely  be- 
cause of  the  extremely  small  quantity  of  virus 
in  the  vaccine  (10^-10®  particles  per  ml  and 
less-than-detectable  amount  of  complement- 
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Fig.  1 .  Distribution  in  children,  according  to  age,  o 
neutralizing  antibody  against  respiratory  syncytial  virus 

fixing  antigen),  about  100-fold  smaUer  in 
amount  than  the  antigen  mass  needed,  in  oui 
experience,  to  induce  antibody  in  man  foi 
other  viruses.  For  example,  about  10"  parti 
des  of  killed  influenza  viral  antigen  an 
needed  per  dose.  Attempts,  to  date,  not  re 
ported  here,  to  isolate  virus  from  the  respi 
ratory  secretions  of  human  subjects  have  il 
been  negative.  Respiratory  secretions  taka 
from  16  susceptible  individuals  at  3-S  di; 
intervals  for  21  days  after  vaccination  wer 
free  of  detectable  respiratory  syncytial  vinu 
This  is  not  surprising  since  virus  also  cannc 
be  recovered  from  the  respiratory  secretion 
of  subjects  given  measles  or  mumps  vacdiM 
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i  to  detect  viremia  in  vaccinated  sub- 
e  not  been  carried  out  to  date  since 
lion  does  not  appear  to  justify  the 
repeat  venipunctures  in  young  chil- 

uestion  might  also  be  asked  as  to 
-sons  might  benefit  most  by  use  of 
ratory  syncytial  virus  vaccine.  Clues 
ided  by  data  relating  to  the  natural 
zt  with  the  virus.  Chanock  et  al  (25) 
U  essentially  all  infants  are  bom  with 
;utralizing  antibody  of  maternal  ori- 
that  such  antibody  decreases  in  titer 
lately  twofold  per  month.  First  in- 
nih  respiratory  syncytial  virus  typi- 
urs  within  the  first  few  years  of  life, 
lity-wide  epidemics  of  the  infection 
ir  every  year  during  the  faU,  winter, 
ng  seasons  (25).  As  noted  above, 
ing  antibody  that  arises  following 
is  of  long-term  persistence  and  is 
d  with  illness  of  reduced  severity 
nfection  occurs.  Antibody  of  mater- 
n  appears  to  afford  substantial  pro- 
1  early  life,  and  this  is  substituted  by 
acquired  antibody  that  is  reinforced 
ted  infections  thereafter.  Reinfection 
5S,  in  spite  of  circulating  antibody,  is 
)n  event,  e.g.,  poliomyelitis,  measles, 
and  rubella.  Infections  that  depend, 
s,  upon  systemic  distribution  are  usu- 
cally  inapparent  on  reinfection  (mea- 
nps,  rubella,  poliomyelitis)  while  re- 
^tions  that  are  more  superficial  (in- 
respiratory  syncytial  virus)  com- 
luse  illness,  though  less  severe, 
uld  be  desirable  to  acquire  active 
y  against  respiratory  syncytial  virus 
cy  and  early  childhood  by  use  of  a 
that  causes  no  apparent  clinical  re- 
n  the  open  populations  investigated 
>resent  study,  only  half  of  the  66 
6-48  months  of  age,  had  demonstra- 
body  against  the  virus.  In  such  a 
on,  the  vaccine  might  have  special 
ss  during  early  infancy  and  in  the 
)1  years  as  well.  Immunization  in  the 
»stnatal  period,  before  6  months  of 
lid  be  complicated  by  the  unpredict- 
sence  in  some  individuals  of  neutral- 
tibody  that  suppresses  an  active  im- 
sponse.  Administration  of  more  than 
iosc  of  the  vaccine  might  be  required 
n  maximal  benefit  from  use  of  the 


vaccine.  The  importance  of  the  disease  caused 
by  respiratory  syncytial  virus,  the  deficiency 
of  antibody  among  children  who  might  ben- 
efit from  vaccination,  and  the  ability  of  the 
parenteraUy  administered  live  virus  vaccine 
to  induce  antibody  without  causing  illness 
justify  further  study  of  the  present  vaccine  to 
measure  its  protective  efficacy  and  the  opti- 
mal conditions  for  its  use. 

Respiratory  syncytial  virus  is  a  member  of 
the  family  Paramyxoviridae  (1)  that  includes 
the  genera  Paramyxovirus  (paramyxoviruses 
and  mumps),  Morbillivirus  (measles- 
distemper),  and  Pneumovirus  (respiratory 
syncytial  virus).  ParenteraUy  administered 
live  measles  and  mumps  virus  vaccines  are 
highly  satisfactory  and  are  routinely  admin- 
ister^. The  present  respiratory  syncytial  vi- 
rus vaccine  represents  a  third  example  of  a 
vaccine  of  the  family  Paramyxoviridae  given 
parenteraUy.  In  further  studies  (unpubUshed), 
we  have  employed  the  same  approach  to 
parenteral  administration  of  Uve  parainflu- 
enza 1,  2,  and  3  virus  vaccines.  Types  2  and 
3  have  shown  considerable  promise  in  human 
trials  to  date.  Parainfluenza  1  virus  has  been 
of  less  promise  to  date,  since  it  grows  only 
poorly  in  any  presently  known  ceU  culture 
medium  suitable  for  use  in  man. 

Summary.  A  unique  Uve  attenuated  respi- 
ratory syncytial  virus  vaccine  that  is  admin- 
istenxi  parenteraUy  is  described.  Nineteen  of 
22  initiaUy  seronegative  chUdren,  7-32 
months  of  age,  developed  homologous  circu- 
lating neutralizing  antibody  against  the  virus 
and  a  portion  were  shown  to  have  present 
demonstrable  antibody  in  their  nasal  secre- 
tions. None  of  the  children  developed  illness 
that  could  be  ascribed  to  the  vaccine,  and 
there  was  no  evident  contagious  spread  of  the 
vaccine  virus  to  susceptible  contacts.  The  vac- 
cine is  of  considerable  promise  and  trials  to 
determine  protective  efficacy  are  being  pur- 
sued. Seroepidemiologic  investigations  re- 
vealed that  only  33  of  66  chUdren  6-48 
months  of  age  and  residing  in  an  open  pop- 
ulation had  detectable  circulating  neutraliz- 
ing antibody  against  the  virus. 

The  authors  are  greatly  indebted  to  Pediatrics  Medical 
Association  of  Havertown,  Pennsylvania,  and  George  A. 
Starkweather,  M.D.,  and  to  Janet  Campbell,  R.N.,  Karen 
Campbell,  R.N.,  B.S.,  Margaret  E.  Gerland,  R.N.,  B.S., 
and  Jane  Laughead,  R.N.  for  professional  medical  and 
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Inhibition  of  Insulin  and  Glucagon  Secretion  by  Somatostatin: 
are  there  Indirect  Effects?^  (401 13) 
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natostatin,  a  peptide  isolated  originally 
the  hypothalamus,  is  known  to  inhibit 
Bcretion  of  insulin  and  glucagon  (1). 
this  effect  can  be  demonstrated  in  vitro, 

been  concluded  that  somatostatin  acts 
ly  upon  the  pancreatic  A-  and  B-cells 

Further,  immunocytochemical  studies 
shown  the  presence  of  somatostatin-like 
ial  within  islet  D-cells  suggesting  that  it 
a  role  in  the  local  regulation  of  endo- 
pancreatic  function  (4,  5).  Recent  inves- 
)ns  by  this  laboratory  showed  that  al- 
drenergic  blockade  with  phentolamine 
^y  reduced  the  inhibitory  action  of 
lostatin  upon  insulin  and  glucagon 
e  from  the  pancreas  of  dogs  (6-8). 
i  observations  raise  the  possibility  that 
:ostatin  also  affects  islet  function  indi- 
by  interacting  with  neural  signals  to  the 
Tine  pancreas.  In  the  present  study,  so- 
»tatin  was  infused  at  various  doses  and 
ferent  anatomic  sites  into  anesthetized 
to  determine  whether  an  inhibitory  ac- 
f  this  peptide  upon  insulin  and  glucagon 
ion  could  be  found  via  specific  routes 
a  dose  that  was  not  effective  when  given 
ly  into  the  pancreas.  Our  results  indi- 
hiat  somatostatin  may  inhibit  the  release 
ulin  and  glucagon  by  indirect  as  well  as 
mechanisms. 

iterial  and  methods.  The  surgical  proce- 
used  in  these  experiments  has  been  de- 
d  previously  (9).  Briefly,  mongrel  dogs 
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(25-3S  kg)  were  anesthetized  with  morphine 
sulfate  and  sodium  pentobarbital  following 
an  overnight  fast.  A  midline  laparotomy  was 
performed,  and  the  blood  flow  of  the  superior 
pancreaticoduodenal  vein  (PDV)  was 
shunted  through  an  extracorporeal  flow-me- 
ter circuit  before  reaching  the  portal  vein. 
Blood  samples  were  collected  from  this  circuit 
for  the  determination  of  plasma  glucose,  im- 
munoreactive  insulin  (IRI),  and  inmiuno- 
reactive  glucagon  (IRG)  using  methods  re- 
ported previously  (9,  10).  Measurement  of 
PDV  blood  flow  and  hematocrit  in  addition 
to  plasma  hormone  concentrations  in  the 
PDV  enabled  the  calculation  of  IRI  and  IRG 
output  from  the  pancreas  (9).  Throughout 
these  experiments,  rectal  temperature  was 
maintained  (38.5  ±  0.5"")  by  using  an  auto- 
regulated  thermal  blanket.  Tracheal  intuba- 
tion and  artificial  respiration  permitted  main- 
tenance of  arterial  blood  gases  within  the 
normal  range  (p02  80-90;  pC02  30-40;  pH 
7.37-7.0). 

Dihydrosomatastatin  (a  gift  from  Dr. 
Roger  Guillemin,  Salk  Institute)  was  infused 
into  the  superior  pancreatic  artery  at  rates  of 
0.17,  1.7,  or  17  /ig  for  3  min.  In  other  experi- 
ments, somatostatin  was  administered  at  a 
rate  of  1.7  /xg/min  for  30  min  into  either  the 
hepatic  portal  vein  or  a  femoral  vein.  Blood 
samples  were  collected  at  —30,  —15,  —5,  and 
0  min  prior  to  the  infusions,  at  +5,  +10,  +20, 
and  +30  min  during  somatostatin  infusion, 
and  thereafter  at  +35,  +40,  +50,  and  +10 
min. 

Statistical  evaluation  of  the  data  was  per- 
formed by  correlation  analysis  and  Student's 
paired  /  test  for  IRI  and  IRG  outputs,  and 
analysis  of  variance  for  plasma  glucose  and 
PDV  blood  flow. 

Results,  Regardless  of  the  site  of  infusion, 
somatostatin  produced  a  decline  of  IRI 
(range,  217-21,874 /xU/min)  and  IRG  (range. 
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1509-24,577  pg/min)  output  that  was  corre- 
lated linearly  with  the  basal  secretory  rates  of 
these  hormones  (r  »  0.88  and  0.79,  respec- 
tively, both  P  <  0.001,  n  =  20).  Because  of 
this  consistent  relationship,  IRI  and  IRG  out- 
put during  all  somatostatin  infusions  were 
calculated  as  the  percent  change  (%A)  of  the 
basal  rates  of  secretion.  Figure  1  shows  the 
temporal  responses  of  plasma  glucose  levels 
and  the  outputs  of  IRI  and  IRG  during  an 
infusion  of  somatostatin  (1.7  /xg/min  for  30 
min)  via  the  pancreatic  artery. 

The  dose-response  relationship  between 
log  increases  of  somatostatin  dose  infused  via 
the  pancreatic  artery  and  the  %A  of  IRI  and 
IRG  outputs  are  summarized  in  Fig.  2.  At  a 
rate  of  0.17  /xg/min  (n  »  5)  somatostatin  did 
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Fig.  I.  The  effects  of  somatosUtin  (1.7  /ig/min  for 
30  min)  upon  plasma  glucose  level,  IRI,  and  IRG  outputs 
during  an  infusion  via  the  pancreatic  artery  of  dogs. 
Data  are  shown  as  mean  ±  SEM. 
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Fig.  2.  Relationship  between  log  dose  of 
sutin  and  the  %A  of  basal  IRI  and  IRG  outpu 
tostatin  infused  via  pancreatic  artery.  Values  i 
the  mean  of  the  10,  20,  and  30  min  %A  of  e 
Mean  ±  SEM  of  each  data  point  is  given  in  tex 

not  reliably  alter  the  basal  output  of 
hormone.  When  the  infusion  rate  ? 
creased  to  1.7  /xg/min  (n  »  4),  IRI 
decreased  markedly  (%A  =»  -76  ±  9, 
±  SEM,  P  <  0.01)  as  did  IRG  output 
-53  ±  8,  P  <  0.01).  Increase  of  the  s( 
statin  infusion  rate  to  17  /Lig/min  (x 
resulted  in  an  inhibition  of  the  outputs 
(%A  =  -85  ±  3,  P  <  0.001)  and  IRG 
-57  ±  12,  P  <  0.05)  that  was  not  signif 
different  from  that  observed  during  tl 
ceding  dose  of  somatostatin.  Thus,  it 
appear  that  the  inhibition  of  both  IS 
IRG  outputs  was  approaching  maximi 
ing  an  infusion  of  somatostatin  at  1 .7  ^ 
To  evaluate  further  its  inhibitory 
upon  the  endocrine  pancreas,  somati 
was  infused  into  either  the  pancreatic 
the  hepatic  portal  vein,  or  a  femoral  ^ 
a  rate  of  1.7  /xg/min  for  30  min.  Fij 
summarizes  the  findings  of  this  stuc 
indicated  above,  an  infusion  of  somati 
at  1.7  /ig/min  via  the  pancreatic  artei 
duced  a  significant  inhibition  of  both  U 
IRG  outputs.  This  infusion  also  dec 
the  level  of  plasma  glucose  (P  <  0.05). 
infused  into  the  hepatic  portal  vein,  thi 
of  somatostatin  elicited  a  significant  d< 
of  IRI  output  (%A  =  -46  ±  12,  n  «  ' 
0.05)  while  the  apparent  decline  of  IRC 
basal  levels  was  not  significant  (%A  - 
±  12).  Plasma  glucose  levels  also  dec 
{P  <  0.05).  An  identical  infusion  into 
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}.  3.  Comparison  ofthe  effects  upon  IRI  and  IRG 
is  and  plasma  glucose  of  infusions  of  somatostatin 
g/min  for  30  min)  administered  via  pancreatic 
,  portal  vein,  or  femoral  vein.  Data  are  shown  as 
±SEM. 

vein  (n  »  4)  elicited  a  decrease  of  IRI 
jt  (%A  «  -44  ±  11,  P  <  0.02)  and  a 
>arable  decrease  of  IRG  output  (%A  » 
±  S,  P  <  0.001).  Although  there  was  a 
t  decline  of  plasma  glucose  levels  during 
somatostatin  infusion,  the  trend  was  not 
tically  significant.  No  statistically  signif- 

alterations  of  PDV  blood  flow  were 
-ved  during  any  infusion  of  somatostatin. 
scussion.  Numerous  investigations  using 
ro  preparations  have  shown  that  soma- 
tin  is  a  potent  inhibitor  of  insulin  and 
igon  secretion  (1-3,  11).  Those  reports 

led,  therefore,  to  the  widely  accepted 
^pt  that  this  peptide  acts  directly  upon 
>ancreatic  endocrine  cells.  Similar  con- 
3ns  have  been  drawn  from  the  effect  of 
tostatin  in  vivo  due  to  its  rapid  inhibition 
increatic  endocrine  function  (12-14).  In 
itudy,  infusions  of  somatostatin  into  the 
reatic  artery  of  anesthetized  dogs 
Lptly  decreased  both  IRI  and  IRG  out- 

an  effect  that  was  reversed  rapidly  at 
ermination  of  the  infusions.  Thus,  our 
nt  results  are  in  basic  agreement  with 
inclusion  that  somatostatin  affects  the 
\-  and  B-cells  directly.  Nevertheless,  our 
-vation  of  decrements  of  IRI  and  IRG 
its  when  somatostatin  was  given  via  a 
ral  vein  or  the  hepatic  portal  vein  sug- 
that,  in  addition  to  a  direct  effect  upon 
odocrine  pancreas,  somatostatin  may  in- 

islet  hormone  release  through  an  indi- 
nechanism  as  well. 

x)d  flow  to  the  canine  pancreas  is  ap- 
imately  2%  of  total  cardiac  output  (IS), 
efore,  we  expected  that  when  somato- 


statin at  a  dose  of  1 .7  iig/min  was  infused  via 
a  femoral  vein  or  the  hepatic  portal  vein,  only 
2%  of  that  amount  would  reach  the  pancreas 
(i.e.,  approximately  0.034  /xg/min).  Since  a 
dose  of  0.17  /ig/min  given  directly  into  the 
pancreatic  artery  had  failed  to  decrease  IRI 
and  IRG  outputs  significantly,  no  inhibitory 
effect  was  expected  following  infusions  of 
somatostatin  at  1.7  /xg/min  via  the  other  sites. 
However,  when  the  above  mentioned  dose  of 
somatostatin  was  given  into  a  femoral  vein, 
both  IRI  and  IRG  outputs  were  inhibited 
significantly.  An  identical  infusion  into  the 
hepatic  portal  vein  also  elicited  a  significant 
decrement  of  IRI  output  that  was  comparable 
to  the  effect  observed  when  somatostatin  was 
administered  via  a  femoral  vein.  Therefore, 
peripheral  and  portal  infusions  of  somato- 
statin were  more  potent  inhibitors  of  insulin 
secretion  than  could  be  explained  by  reason- 
able blood  flow  calculations.  It  is  difficult  to 
draw  conclusions  regarding  the  intraportal 
action  of  somatostatin  on  IRG  output,  since 
the  effects  of  this  infusion  were  to  produce  a 
decrease  of  glucagon  secretion  that  was  nei- 
ther significantly  different  from  basal  levels 
nor  significantly  different  from  the  decrease 
observed  by  infusions  of  somatostatin  into  a 
femoral  vein. 

The  unexpected  inhibition  of  IRI  and  IRG 
outputs  during  peripheral  infusions  of  soma- 
tostatin and  the  effect  of  this  peptide  on  IRI 
output  when  administered  intraportally  do 
not  seem  consistent  with  potential  artifacts 
such  as  a  somatostatin-mediated  decrease  of 
pancreatic  blood  flow  or  the  reflux  of  this 
peptide  into  the  pancreas.  Although  it  has 
been  reported  that  administration  of  soma- 
tostatin to  humans  reduced  splanchnic  blood 
flow  (16,  17)  leading  to  a  potential  decrease 
of  islet  hormone  output,  no  statistically  sig- 
nificant change  of  pancreaticoduodenal  vein 
blood  flow  was  observed  during  the  admin- 
istration of  this  peptide  to  dogs.  Reflux  of 
somatostatin  into  the  pancreas  during  infu- 
sions into  the  hepatic  portal  vein  seem  un- 
likely, since  the  monitored  blood  flow  was 
always  in  the  other  direction.  Further,  this 
type  of  artifact  cannot  explain  the  effective- 
ness of  somatostatin  when  given  via  a  femoral 
vein.  Thus,  because  the  concentration  of  so- 
matostatin reaching  the  pancreas  during  in- 
fusions into  a  femoral  vein  or  the  hepatic 
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portal  vein  is  presumably  far  less  than  that 
required  to  elicit  a  direct  inhibitory  effect,  it 
seems  reasonable  to  postulate  that  this  pep- 
tide also  alters  islet  hormone  secretion  by  as 
yet  unknown  mechanisms. 

Although  the  precise  nature  of  this  pre- 
sumed indirect  effect  of  somatostatin  upon 
the  endocrine  pancreas  is  unclear,  several 
explanations  could  account  for  the  inhibition 
ot^rved  during  this  study.  It  is  possible  that, 
during  a  peripheral  inftision,  dihydrosoma- 
tostatin  is  converted  to  a  more  potent  form. 
Preliminary  work  in  this  laboratory  suggests 
that,  when  administered  via  a  femoral  vein, 
cyclic  somatostatin  is  a  more  potent  inhibitor 
of  insulin  secretion  than  dihydrosomatosta- 
tin,  but  that  both  forms  of  somatostatin  exert 
comparable  inhibitory  effects  upon  glucagon 
secretion.  However,  previous  studies  by  oth- 
ers show  that  dihydrosomatostatin  and  the 
oxidized  or  cyclic  somatostatin  are  equipotent 
as  inhibitors  of  insulin  and  glucagon  release 
both  in  vivo  and  in  vitro  (18,  19).  Conversion 
to  an  analog  of  somatostatin  seems  extremely 
unlikely  due  to  the  chemical  changes  re- 
quired. Further,  somatostatin  analogs  gener- 
ally exhibit  less  biologic  activity  than  the 
native  peptide  in  terms  of  their  inhibition  of 
insulin  and  glucagon  secretion  (20,  21).  An- 
other factor  that  argues  against  a  change  of 
peptide  form  is  the  rapid  metabolic  clearance 
of  somatostatin  from  the  general  circulation 
(22). 

As  alternative  explanations  for  the  pre- 
sumed indirect  action  of  somatostatin  upon 
IRI  and  IRG  output,  we  hypothesize  that  this 
effect  may  be  related  to  a  decrease  of  endog- 
enous stimulatory  signals  for  islet  hormone 
release  or  to  the  initiation  of  an  inhibitory 
neural-pancreatic  reflex.  Several  studies  have 
shown  recently  that  somatostatin  suppresses 
the  circulating  levels  of  gastrointestinal  hor- 
mones including  gastrin  (1),  secretin  (23),  and 
gastric  inhibitory  polypeptide  (24).  Since  sev- 
eral intestinal  hormones  are  known  to  poten- 
tiate the  release  of  insulin  and  glucagon  (25, 
26),  it  seems  reasonable  to  postulate  that  the 
present  results  may  have  been  due  to  a  de- 
crease of  circulating  gut  factors  leading  to  a 
suppression  of  islet  hormone  secretion.  Re- 
cent reports  (27,  28)  have  also  suggested  that 
somatostatin  release  from  the  pancreatic  islets 
and  gastric  antrum  may  be  regulated,  in  part. 


by  autonomic  neural  signals.  Previously,  wi 
observed  that  phentolamine,  an  a-adrenergi( 
blocker,  markedly  reduces  the  effectivenes 
of  somatostatin  as  an  inhibitor  of  hormoiu 
secretion  from  the  pancreas  of  dogs  (6-8) 
Those  findings,  therefore,  suggest  that  soma 
tostatin  interacts  with  autonomic  neural  sig 
nals  to  the  islets.  In  view  of  the  extensive  dau 
concerning  neural  control  of  the  endocrine 
pancreas  (25,  29,  30)  and  the  fact  that  soma- 
tostatin exists  within  certain  central  and  p 
ripheral  neurons  (4,  31),  it  is  additionally 
possible  that  somatostatin  acts  upon  a  center 
within  the  central  nervous  system  that,  in 
turn,  inhibits  the  release  of  islet  hormones.  At 
present,  these  hypotheses  seem  most  consist- 
ent with  our  experimental  findings. 

Summary,  The  inhibitory  action  of  soma- 
tostatin upon  the  endocrine  pancreas  of  dogs 
was  studied  as  a  function  of  dose  and  site  of 
administration.  Hormone  output  was  mea- 
sured directly  in  the  pancreaticoduodenal 
vein.  Infusions  of  somatostatin  into  the  pan- 
creatic artery  show  that  a  predictable  dos^ 
response  relationship  exists  for  this  controller 
of  islet  fimction.  The  high  relative  potency  of 
somatostatin  when  administered  via  a  femo- 
ral vein  or  the  hepatic  portal  vein  suggests 
that  indirect  mechanisms  of  action  are  r^ 
sponsible,  in  part,  for  the  effect  of  this  peptide 
upon  insulin  and  glucagon  output  from  the 
pancreas  in  vivo.  It  is  postulated  that,  in  its 
indirect  effects,  somatostatin  may  inhibit  islet 
hormone  secretion  by  decreasing  the  circulat- 
ing levels  of  several  gastrointestinal  hormones 
known  to  potentiate  insulin  and  glucagon 
release,  or  it  may  elicit  an  inhibitory  neural- 
pancreatic  reflex. 

We  wish  to  Uiank  Mr.  Robert  Guest,  Mr.  Howard 
Beiter,  and  Mrs.  CUudine  Shepard  for  their  valuable 
technical  assistance. 
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The  baroreceptor  reflexes  have  long  been 
recognized  as  having  a  critical  role  in  con- 
trolling the  level  of  sympathetic  nerve  dis- 
charge (SND)  and,  thereby,  maintaining 
blood  pressure  within  normotensive  levels 
(1).  Sympathoinhibitory  mechanisms  of  non- 
baroreceptor  origin  apparently  also  function 
tonically  to  control  SND.  Alexander  (2)  re- 
ported an  increase  in  SND  after  cervical 
spinal  cord  section  in  an  animal  in  which 
SND  had  previously  been  maximally  reduced 
by  medullary  transection  at  the  level  of  the 
obex.  The  increase  in  SND  presumably  was 
due  to  release  of  inhibition  of  nonbarorecep- 
tor  origin  since  transection  at  the  level  of  the 
obex  is  caudal  to  the  point  of  entry  into  the 
medulla  of  the  IX  and  X  cranial  nerves.  Coote 
et  al  (3)  showed  that  the  spinal  component 
of  the  somatosympathetic  reflex  was  aug- 
mented after  section  of  the  cervical  spinal 
cord.  It  was  suggested  that  the  enhancement 
of  the  reflex  was  due  to  the  release  of  inhi- 
bition of  nonbaroreceptor  origin  since  these 
investigators  also  reported  that  the  reflex  was 
not  affected  by  baroreceptor  reflex  activation 
in  cats  with  an  intact  neuraxis. 

The  present  investigation  was  designed  to 
answer  three  questions  regarding  sympa- 
thoinhibition  of  nonbaroreceptor  origin. 
First,  what  are  the  sources  of  tonic  sympa- 
thoinhibition  in  the  baroreceptor  denervated 
cat?  Second,  is  tonic  sympathoinhibition  of 
nonbaroreceptor  origin  transmitted  over  a 
brainstem  circuit  distinct  from  that  which 
receives  baroreceptor  input?  Third,  what  are 
the  relative  contributions  made  by  the  non- 
baroreceptor and  baroreceptor  inhibitory  sys- 
tems in  the  control  of  SND  in  the  anesthe- 
tized cat? 

Materials  and  methods.  Cats  weighing  be- 

^  This  investigation  was  supported  by  Public  Health 
Service  Grant  No.  HL-13187  and  by  a  grant  from  the 
Michigan  Heart  Association. 

The  authors  appreciate  the  technical  assistance  of  Ms. 
Susan  Arbanas  in  the  preparation  of  histological  sections. 


tween  2.0  and  3.S  kg  were  anesthetized  with 
an  ip  injection  of  a  mixture  of  sodium  dial- 
lylbarbiturate  (60  mgAg)»  urethane  (240 
mg/kg),  and  monoethylurea  (240  mg/kg). 
Animals  were  paralyzed  with  gallamine  trie- 
thiodide  (4  mg/kg,  iv)  and  artificially  respired 
in  order  to  prevent  somatomotor  movements 
which  might  accompany  placement  of  the 
lesions  in  the  brainstem.  Blood  pressure  was 
monitored  via  a  femoral  arterial  catheter  and 
displayed  on  a  Grass  polygraph.  Lead  II  of 
the  ECG  was  also  recorded  and  rectal  tem- 
perature was  maintained  between  36  and 
BS^'C  with  a  heat  lamp. 

Baroreceptor  denervation.  Baroreceptor 
nerves  were  isolated  in  the  neck  as  previously 
reported  from  this  laboratory  (4).  Barorecep- 
tor denervation  was  accomplished  by  bilat- 
eral section  of  the  carotid  sinus,  aortic  de- 
pressor, and  vagus  nerves. 

Brainstem  lesions  and  histology.  Animals 
were  placed  in  a  David  Kopf  Instruments 
stereotaxic  apparatus  after  which  the  dorsal 
aspect  of  the  medulla  was  exposed  by  ^^ 
moval  of  a  portion  of  the  occipital  bone  and 
cerebellum.  Medial  medullary  lesions  were 
made  with  an  electrode  O.S  mm  in  diameter 
whose  tip  was  exposed  7  mm  so  that  the 
lesion  would  extend  from  the  dorsal  to  the 
ventral  surface  of  the  brainstem.  Lesions  were 
made  in  the  midline  0-2  mm  rostral  to  the 
obex  in  several  steps  by  passing  5  mA  of 
anodal  current  for  15  sec.  The  cathode  was 
an  electrode  attached  to  the  temporal  musck. 
Electrolytic  lesions  (S  mA  for  15  sec)  of  the 
nucleus  of  the  tractus  solitarius  (NTS)  were 
made  bilaterally  1  mm  rostral  and  1  mm 
caudal  to  the  obex.  As  described  by  Miura 
and  Reis  (5),  the  posterointermediate  sulcus 
was  used  as  a  surface  landmark  for  localiza- 
tion of  NTS  along  its  rostral-caudal  extent 
The  electrode  was  placed  on  or  just  medial  to 
the  sulcus  and  1.3-1.5  mm  below  the  surfaa 
of  the  medulla. 

The  extent  of  the  electrolytic  lesions  of 
medial  medullary  structures  and  of  NTS  was 
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ined  by  examination  of  histological 
$.  The  medulla  was  removed  and  fixed 
buffered  formalin  following  each  ex- 
nt.  Frontal  sections  of  30/im  thickness 
ut  with  a  cryostat  microtome  and 
with  cresyl  violet. 

rebration,  Pretentorial  decerebration 
rformed  with  a  spatula  placed  in  a 
ixic  electrode  holder.  The  spatula  8 
diameter  was  lowered  first  through  the 
de  and  then  through  the  left  side  of 
instem  at  the  midcollicular  level.  The 
teness  of  decerebration  was  visually 
ed  at  the  end  of  each  experiment. 
pathetic  nerve  recordings  and  data  anal- 
branch  of  the  left  renal  postganglionic 
hetic  nerve  was  exposed  via  a  retro- 
eal  approach,  as  previously  reported 
lis  laboratory  (4).  SND  was  recorded 
basically  under  oil  with  bipolar  plati- 
electrodes  after  capacity-coupled 
>lification  (low  and  high  half-ampli- 
sponses  at  1  and  1000  Hz).  The  output 
preamplifier  was  led  to  a  Grass  7P10 
live  integrator.  Raw  and  integrated 
were  displayed  on  a  polygraph. 
» in  SND  were  quantified  by  compar- 

mean  epoch  length  (integrated  rec- 
luring  5  min  periods  before  and  at 

times  after  medullary  lesions  or  bar- 
or  denervation, 
phase  relations  between  SND  and  the 

cycle  were  analyzed  by  computer 
tion  (Nicolet  model  1070).  The  sweep 
computer  was  triggered  by  a  timing 
3incident  with  the  R  wave  of  the  ECG. 
jd  records  of  SND  and  the  arterial 
'ave  were  displayed  on  an  oscilloscope 
inix  model  502)  and  photographed  on 
fihn. 

stical  analysis.  Statistical  analysis  was 
led  with  the  Student  i  test  for  paired 
paired  data.  P  values  of  <0.05  were 
Ted  to  indicate  statistical  significance, 
are  expressed  as  mean  ±  SE. 
Its,  Medial  medullary  lesions.  Blood 
e  and  SND  are  decreased  by  electrical 
tion  of  the  paramedian  reticular  (4), 
>bscurus  and  raphe  pallidus  (6)  nuclei 
nedial  medulla.  Whether  these  effects 
diated  over  baroreceptor  intemuncial 
ks  remains  controversial  (5,  7-9). 
^er,  it  is  not  known  whether  sympa- 
bitory  elements  in  this  region  are  ton- 


ically  active  in  the  baroreceptor  denervated 
cat.  With  regard  to  these  questions,  the  effects 
on  renal  SND  and  blood  pressure  produced 
by  electrolytic  lesions  of  medial  medullary 
structures  located  0-2  mm  rostral  to  the  obex 
were  compared  in  baroreceptor  intact  and 
denervated  cats. 

The  upper  panels  (A  and  B)  in  Fig.  1  show 
an  example  of  the  effects  on  renal  SND  and 
blood  pressure  produced  by  medial  medul- 
lary lesions  in  a  cat  with  intact  baroreceptor 
nerve  fibers.  SND  and  blood  pressure  de- 
creased (not  shown)  during  application  of 
anodal  current.  Approximately  30  min  was 
required  after  the  lesions  were  made  for  SND 
and  blood  pressure  to  stabilize.  At  this  time 
(panel  B),  the  level  of  renal  nerve  activity  was 
considerably  higher  than  before  (panel  A) 
placement  of  the  lesions.  As  shown  in  Table 
I  A,  renal  SND  was  increased  to  142%  of 
control  30  min  after  medial  medullary  lesions 
in  four  cats  with  intact  baroreceptor  nerves. 
Although  blood  pressure  was  somewhat  ele- 
vated 30  min  after  placement  of  the  lesions 
in  the  experiment  illustrated  in  Fig.  1,  the 
increase  in  SND  produced  by  medial  med- 
ullary lesions  was  not  accompanied  by  a  sta- 
tistically significant  change  in  arterial  pres- 
sure (Table  lA).  No  further  changes  in  SND 
and  blood  pressure  were  observed  for  the 
duration  of  the  experiment  (1-2  hr). 

SND  normally  is  synchronized  into  bursts 
which  are  locked  in  a  1:1  relation  to  the 
cardiac  cycle  by  the  baroreceptor  reflexes  (4). 
The  R  wave-triggered  computer  summed  rec- 
ords (inset)  in  panel  A  of  Fig.  1  clearly  depict 
the  cardiac-related  periodicity  in  SND.  Le- 
sions of  the  medial  medulla  which  increased 
SND  did  not  disrupt  the  phase  relations  be- 
tween SND  and  the  cardiac  cycle  (inset  in 
panel  B).  Moreover,  in  three  experiments, 
medial  medullary  lesions  which  led  to 
marked  increases  in  basal  renal  SND  had 
little  effect  on  the  inhibition  of  SND  associ- 
ated with  the  rise  in  blood  pressure  produced 
by  the  iv  injection  of  1  fig/kg  of  norepineph- 
rine bitartrate  (Fig.  2).  Gebber  et  al,  (10)  have 
previously  demonstrated  that  norepineph- 
rine-induced  reflex  inhibition  of  SND  is  elim- 
inated by  bilateral  section  of  the  baroreceptor 
nerves  in  cats  anesthetized  with  the 
dial-urethane  mixture  used  in  the  present 
study.  These  observations  indicate  that  me- 
dial medullary  lesions  had  little  or  no  effect 
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Fig.  1.  Effects  of  medial  medullary  lesions  on  blood  pressure  and  renal  SND  in  a  barofcoeptor  intact  (op 
panels)  and  a  baroreceptor  denervated  (lower  panels)  cat.  Panels  A:  before  lesions.  Panels  B:  30  min  after  ksic 
Top  trace  in  each  panel  is  blood  pressure  (mmHg).  Middle  trace  is  SND.  Bottom  trace  shows  integrated  SND.  Ti 
base  (below  blood  pressure)  is  1  sec/division.  Vertical  calibrations  for  polygraphic  traces  of  SND  are  100  ^V.  hi 
in  bottom  traces  in  the  experiment  on  baroreceptor  intact  cat  show  R  wave-triggered  computer  summed  records 
triab)  of  arterial  pulse  wave  (top)  and  SND  (bottom).  Horizontal  calibrations  for  computer  summed  records  is 
msec.  Vertical  caUbration  is  67  /iV  and  refers  to  SND.  Address  bin  for  computer  summed  records  was  4  m 
Histological  sections  on  the  right  show  the  extent  of  medial  medullary  lesions  in  the  baroreceptor  intact  cat 
medullary  section  2  mm  rostral  to  the  obex.  2:  1  mm  rostral  to  the  obex.  3:  level  of  the  obex.  Bar  >■  1  mm.  Am 
point  to  lesions. 


TABLE 


Effects  of  Medullary  Lesions  and  Baroreceptor  Denervation  on  Renal  SND  and 

Blood  Pressure. 


Procedure 

SND 
30  min  after  (%  of 
control) 

Mean  blood  pressure 
Control                       30  min  after 
(mmHg)                          (mmHg) 

A) 

B) 
C) 

Medial  Medullary  Lesions 
Baroreceptor  intact 
Baroreceptor  denervated^ 
Denervated-decerebrated 

Baroreceptor  Denervation 

NTS  Lesions 
Baroreceptor  intact 
Baroreceptor  denervated 

142  ±  i:  (4)*" 
161  ±  13  (!1)* 
93  ±  5  (5) 
140  ±10(10)* 

154  ±  13  (4)* 
109  ±  12  (5) 

123  ±3                            123  ±7 
133  ±5                            135  ±4 

137  ±5                            130  ±4 

138  ±6                             144  ±7 

137  ±8                            143  ±  12 
130  ±11                           131  ±15 

°  Mean  ±  S.E.  (n). 

^  Bilateral  section  of  the  carotid  sinus,  aortic  depressor,  and  vagus  nerves. 

•  P  <  0.05  compared  to  control  (paired  comparisons). 


on  the  sympathoinhibitory  component  of  the 
baroreceptor  reflexes.  Thus,  the  increase  in 
SND  produced  by  the  lesions  presumably 
was  due  to  the  release  of  tonic  sympathoin- 
hibition  of  nonbaroreceptor  origin.  This  con- 
tention is  supported  by  the  results  obtained 
with  medial  medullaiy  lesions  in  cats  in 


which  the  carotid  sinus,  aortic  depressor,  i 
vagus  nerves  were  bilaterally  sectioned, 
shown  in  Table  lA,  renal  SND  was  increi 
to  161%  of  control  30  min  after  lesions  ii 
made  in  11  baroreceptor  denervated  ( 
This  change  was  not  significantly  diffei 
from  that  produced  by  lesions  in  barorecq 
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2.  Reflex  inhibition  of  renal  SND  associated 
;  in  blood  pressure  produced  by  iv  norepineph- 
^%/^i^  before  (upper  panel)  and  30  min  after 
>anel)  medial  medullary  lesions.  Sequence  of 
the  same  as  in  Fig.  1.  Arrows  indicate  injection 
wephrine.  Time  base  is  1  sec/division.  Vertical 
on  is  100  ^V  and  refers  to  SND. 

cats.  As  was  the  case  in  baroreceptor 
cats,  the  increase  in  SND  observed  30 
Fter  placement  of  the  lesions  was  not 
panied  by  a  change  in  blood  pressure, 
feet  on  SND  produced  by  medial  med- 
lesions  in  one  of  the  experiments  per- 
1  on  baroreceptor  denervated  cats  is 
in  the  lower  panels  (A  and  B)  in  Fig. 

extent  of  the  medial  medullary  lesions 

in  baroreceptor  intact  and  denervated 

shown  by  the  histological  sections  in 

The  lesions  destroyed  the  caudal  por- 


tions of  the  paramedian  reticular,  raphe  ob- 
scurus  and  raphe  pallidus  nuclei  located  0-2 
nmi  rostral  to  the  obex.  The  lesioned  area  did 
not  include  the  medullary  nucleus  of  barore- 
ceptor fiber  termination  (i.e.,  NTS). 

In  order  to  determine  whether  sympathoin- 
hibition  involving  the  medial  structures  of  the 
caudal  medulla  is  dependent  upon  the  integ- 
rity of  forebrain-medullary  connections,  the 
effects  on  renal  SND  produced  by  lesions  of 
the  medial  medulla  were  studied  in  barore- 
ceptor denervated  cats  which  were  decere- 
brated at  the  midcollicular  level.  The  results 
from  five  experiments  are  summarized  in  Ta- 
ble lA  and  a  typical  experiment  is  shown  in 
Fig.  3.  Medial  medullary  lesions  failed  to 
increase  SND  or  blood  pressure  in  the  decer- 
ebrated cat  (panel  B). 

Baroreceptor  denervation.  The  foregoing 
data  suggest  that  tonic  sympathoinhibition 
involving  medial  structures  of  the  caudal  me- 
dulla is  of  nonbaroreceptor  origin.  It  was  of 
interest  to  ascertain  the  relative  contributions 
made  by  this  system  and  by  the  baroreceptor 
reflexes  in  the  control  of  SND  in  the  anesthe- 
tized cat.  For  this  purpose,  the  effect  of  bilat- 
eral section  of  the  carotid  sinus,  aortic  de- 
pressor and  vagus  nerves  on  renal  SND  was 
studied  in  10  cats.  The  results  of  these  exper- 
iments were  compared  with  those  from  cats 
in  which  the  medial  medulla  was  lesioned.  As 
shown  in  Table  IB,  renal  SND  was  increased 
to  140%  of  control  30  min  afler  baroreceptor 
nerve  section.  This  change  was  not  signifi- 
cantly different  from  that  produced  by  medial 
medullary  lesions  in  cats  with  intact  or  with 
sectioned  baroreceptor  nerves  (Table  lA). 
Thus,  the  baroreceptor  and  nonbaroreceptor 
sympathoinhibitory  systems  were  equally  im- 
portant in  controlling  the  level  of  basal  SND 
under  the  conditions  of  our  experiments. 

A  typical  experiment  depicting  the  effects 
of  baroreceptor  nerve  section  on  renal  SND 
and  blood  pressure  is  shown  in  Fig.  4.  Blood 
pressure  and  SND  were  markedly  increased 
5  min  after  bilateral  section  of  the  carotid 
sinus,  aortic  depressor,  and  vagus  nerves 
(middle  panel).  As  reported  by  others  (1, 
11-13),  the  hypertensive  response  to  barore- 
ceptor nerve  section  is  not  sustained,  espe- 
cially in  anesthetized  preparations.  Although 
SND  remained  elevated  for  the  duration  of 
the  experiment,  blood  pressure  returned  near 
to  control  level  within  30  min  after  barore- 
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Fig.  3.  Effects  of  medial  medullary  lesions  on  blood  pressure  and  renal  SND  in  baroreceptor  denervated  ai 
decerebrated  cat.  Sequence  of  traces  is  the  same  as  in  Fig.  1.  A:  before  lesions.  B:  30  min  after  lesions.  Time  base 
1  sec/division.  Vertical  calibration  is  100  /iV. 
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Fig.  4.  Effects  of  baroreceptor  denervation  on  blood  pressure  and  renal  SND.  Sequence  of  traces  is  same  a^  11 
Fig.  1.  Lefl:  control.  Middle:  S  min  aAer  bilateral  section  of  the  carotid  sinus,  aortic  depressor,  and  vagus  nen« 
Right:  30  min  afler  baroreceptor  denervation.  Time  base  is  1  sec/division  and  vertical  calibration  is  100  ^  ^ 
polygraphic  records  of  SND.  Insets  in  bottom  traces  show  R  wave-triggered  computer  summed  records  (64  ihak)d 
arterial  pulse  wave  (top)  and  SND  (bottom).  Address  bin  and  calibrations  for  computer  summed  records  are  sad 
as  in  Fig.  1. 


ceptor  nerve  section  (Fig.  4,  right  panel  and 
Table  IB).  Baroreceptor  denervation  was 
complete  in  these  experiments  since  as  shown 
in  the  insets  in  Fig.  4,  bilateral  section  of  the 
carotid  sinus,  aortic  depressor  and  vagus 
nerves  disrupted  the  phase  relations  between 
SND  and  the  cardiac  cycle.  The  computer 
summed  records  of  SND  approached  a 
straight  line  after  section  of  these  nerves  since 
activity  in  the  renal  nerve  was  no  longer 
locked  in  time  to  the  R  wave  trigger  by 
cardiac-related  baroreceptor  nerve  discharge. 
In  addition,  as  reported  previously  by  Gebber 
et  al  (10),  section  of  the  aforementioned 
nerves  prevented  the  reflex  inhibition  of  SND 
associated  with  the  rise  in  blood  pressure 
produced  by  the  iv  injection  of  norepineph- 
rine (1-2 /xg/kg). 

NTS  lesions.  The  intermediate  one-third  of 


NTS  is  the  primary  site  of  termination  d 
baroreceptor  fibers  of  the  carotid  sinus,  aoiti 
depressor,  and  vagus  nerves  in  the  cat  {U 
14-15).  Recently,  it  has  been  established  thi 
some  intemeurons  in  NTS  receive  dri\ii( 
inputs  from  nonbaroreceptor  as  well  as  froi 
baroreceptor  afTerents.  Specifically,  McCd 
ei  al.  (16)  found  that  NTS  neurons  in  th 
baroreceptor  reflex  arc  could  be  activated  \^, 
electrical  stimulation  of  afTerents  in  the  inA 
rior  cardiac  nerve.  With  regard  to  these  finil 
ings,  it  was  of  interest  to  determine  whcth 
sympathoinhibitory  intemeurons  in  the  bii 
oreceptor  reflex  arc  remain  tonically  activi 
after  section  of  the  carotid  sinus,  aortic  (k 
pressor,  and  vagus  nerves.  For  this  purpcw 
the  effects  of  NTS  lesions  on  renal  SNDwt^ 
compared  in  baroreceptor  intact  and  deod 
vated  cats.  The  extent  of  the  lesions  placed  i 
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mm  caudal  and  1  mm  rostral  to  the 
illustrated  in  the  histological  sections 
S.  As  shown  in  Table  IC  and  in  the 
anels  (A  and  B)  of  Fig.  S,  ablation  of 
rmediate  one-third  of  NTS  signifi- 
acreased  renal  SND  in  cats  in  which 
Dreceptor  nerves  were  intact.  These 
completely  disrupted  the  phase  rela- 
tween  SND  and  the  cardiac  cycle  (see 
thus  indicating  that  the  sympathoin- 
'  component  of  the  baroreceptor  re- 
^as  eliminated.  As  was  the  case  with 
medullary  lesions  or  with  section  of 
Dreceptor  nerves,  blood  pressure  was 
dficantly  changed  30  min  after  NTS 
ioned.  As  shown  in  Table  IC  and  in 
er  panels  (A  and  B)  of  Fig.  5,  NTS 
'ailed  to  alter  SND  in  the  baroreceptor 
ted  cat.  This  observation  indicates 
ipathoinhibitory  intemeurons  in  NTS 
tonically  active  in  the  absence  of 
sptor  nerve  discharge. 


Discussion.  The  present  study  has  shown 
that  tonic  sympathoinhibition  of  nonbarore- 
ceptor  origin  is  mediated  by  neuronal  ele- 
ments which  originate  or  pass  through  medial 
structures  in  the  caudal  medulla  of  the  cat. 
These  structures  include  portions  of  the  par- 
amedian reticular,  raphe  obscurus  and  raphe 
pallidus  nuclei.  Our  conclusion  is  based  on 
the  observation  that  medial  medullary  lesions 
placed  0-2  mm  rostral  to  the  obex  produced 
a  significant  increase  in  renal  SND  in  the 
baroreceptor  denervated  cat.  Lesions  of  this 
region  in  baroreceptor  intact  cats  also  in- 
creased renal  SND  without  disrupting  the 
phase  relations  between  SND  and  the  cardiac 
cycle  or  reflex  inhibition  of  SND  associated 
with  the  pressor  action  of  norepinephrine.  In 
this  regard,  section  of  the  baroreceptor  nerves 
completely  disrupted  the  phase  relations  be- 
tween SND  and  the  cardiac  cycle  (Fig.  4)  and 
eliminated  reflex  inhibition  of  SND  produced 
by  increasing  blood  pressure  with  norepi- 
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.  Effects  of  NTS  lesions  on  blood  pressure  and  renal  SND  in  a  baroreceptor  intact  (upper  panels)  and  a 
)tor  denervated  Oower  panels)  cat.  Sequence  of  traces  in  each  panel  is  same  as  in  Fig.  1.  Panels  A:  before 
anels  B:  30  min  after  lesions.  Time  base  is  1  sec/division  and  vertical  calibration  for  polygraphic  traces  of 
00  fiV.  Insets  in  bottom  traces  in  the  experiment  on  the  baroreceptor  intact  cat  show  R  wave-triggered 
summed  traces  of  arterial  pulse  wave  (top)  and  SND  (bottom).  Address  bin  and  calibrations  for  computer 
records  are  same  as  in  Fig.  1.  Histological  sections  on  the  right  show  extent  of  NTS  lesions  in  the 
)tor  intact  cat.  1:  1  mm  rostral  to  the  obex.  2:  1  mm  caudal  to  the  obex.  Bar  »  1  mm.  Arrows  point  to 
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nephrine.  Thus,  it  would  appear  that  tonic 
sympathoinhibition  from  the  medial  medulla 
is  transmitted  through  a  brainstem  circuit 
distinct  from  that  responsible  for  barorecep- 
tor  reflex  effects  on  SND. 

The  increase  in  SND  produced  by  medial 
medullary  lesions  in  baroreceptor  denervated 
cats  was  prevented  by  prior  decerebration. 
This  observation  argues  against  the  possibil- 
ity that  the  increase  in  SND  produced  by 
lesions  of  the  medial  medulla  was  due  to 
irritation  of  surrounding  sympathoexcitatory 
regions  rather  than  to  the  release  of  neural 
inhibition.  It  is  also  clear  from  this  result  that 
tonic  sympathoinhibition  of  nonbaroreceptor 
origin  is  somehow  dependent  upon  the  integ- 
rity of  forebrain-meduUary  connections.  It  is 
possible  that  tonic  sympathoinhibition  in- 
volving midline  structures  of  the  caudal  me- 
dulla is  of  forebrain  origin.  In  this  regard, 
Lofv^ing  (17)  demonstrate  that  the  decrease 
in  blood  pressure  produced  by  electrical  stim- 
ulation of  the  anterior  hypothalamus  was 
prevented  by  ablation  of  the  medial  medulla. 
Alternatively,  the  inability  to  produce  an  in- 
crease in  SND  with  medial  medullary  lesions 
in  the  decerebrated  cat  might  indicate  that 
tonic  sympathoinhibition  of  nonbaroreceptor 
origin  acts  speciflcally  to  suppress  SND  em- 
anating from  the  forebrain.  Concerning  this 
possibility,  it  has  been  claimed  (18)  that  sym- 
pathoexcitatory elements  in  the  posterior  hy- 
pothalamus are  tonically  active  in  the  anes- 
thetized cat. 

The  manner  in  which  activity  in  the  non- 
baroreceptor sympathoinhibitory  system  is 
generated  remains  obscure.  Nevertheless,  it  is 
noteworthy  that  the  increase  in  renal  SND 
produced  by  medial  medullary  lesions  in  cats 
with  an  intact  neuraxis  was  not  significantly 
different  from  that  observed  following  section 
of  the  baroreceptor  nerves  or  after  lesions  of 
the  medullary  nucleus  of  baroreceptor  fiber 
termination  (i.e.,  NTS).  This  observation  sug- 
gests that  the  nonbaroreceptor  sympathoin- 
hibitory system  is  potentially  as  important  as 
the  baroreceptor  reflexes  in  the  control  of 
SND  in  the  anesthetized  cat. 

The  increase  in  SND  produced  by  medial 
medullary  lesions  was  not  accompanied  by 
an  increase  in  blood  pressure.  This  observa- 
tion undoubtedly  explains  why  such  lesions 
increased  SND  to  the  same  extent  in  barore- 
ceptor intact  and  denervated  cats.  That  is,  the 


expected  increase  in  baroreceptor  reflex  ac- 
tivity which  might  have  compensated  for  the 
removal  of  sympathoinhibition  of  nonbaro- 
receptor origin  did  not  occur  in  cats  with 
intact  carotid  sinus,  aortic  depressor,  and  va- 
gus nerves  since  blood  pressure  was  not 
changed  by  medial  medullary  lesions.  At  first 
glance  it  is  disconcerting  that  blood  pressure 
failed  to  rise  in  the  face  of  elevated  SND 
following  medial  medullary  lesions.  How- 
ever, the  observation  is  not  so  surprising  in 
view  of  the  results  obtained  with  baroreceptor 
denervation.  As  noted  by  others  (1,  11-13), 
the  rise  in  blood  pressure  immediately  follow- 
ing section  of  the  baroreceptor  nerves  was  not 
sustained  beyond  30  min,  a  period  equivalent 
to  that  required  for  SND  to  stabilize  after 
placement  of  medullary  lesions.  In  contrast, 
the  increase  in  SND  produced  by  barorecep- 
tor denervation  persisted  for  the  duration  of 
the  experiment.  Thus,  it  is  apparent  that  in 
the  anesthetized  cat,  powerful  nonneural 
mechanisms  act  to  compensate  for  changes  in 
blood  pressure  associated  with  increased 
SND.  It  has  been  suggested  that  the  rapid 
dissipation  of  the  hypertensive  response  pro- 
duced by  baroreceptor  nerve  section  might 
involve  a  decrease  in  cardiac  output  (11) 
and/or  ''whole  body  circulatory  autoregula- 
tion"  (19).  These  or  other  nonneural  mecha- 
nisms might  also  have  precluded  us  from 
viewing  significant  increases  in  blood  pres- 
sure following  medullary  lesions  which  in- 
creased SND. 

Finally,  the  present  study  has  demon- 
strated that  lesions  of  NTS  increased  SND 
only  in  cats  in  which  the  baroreceptor  nerves 
were  intact.  This  observation  indicates  that 
sympathoinhibitory  elements  within  the  med- 
ullary nucleus  of  baroreceptor  fiber  termina- 
tion are  not  tonically  active  in  the  anesthe- 
tized cat  after  section  of  the  carotid  sinus, 
aortic  depressor,  and  vagus  nerves.  Thus, 
auxiliary  afferent  input  to  baroreceptor  inter- 
neurons  in  NTS  (16)  are  insufficient  to  bring 
these  cells  to  discharge  threshold  in  the  ab- 
sence of  baroreceptor  nerve  activity. 

Summary.  Lesions  of  those  portions  of  the 
paramedian  reticular,  raphe  obscurus  and 
raphe  pallidus  nuclei  which  extend  0-2  mm 
rostral  to  the  obex  increased  renal  SND  with- 
out affecting  the  baroreceptor  reflexes  in  cats 
with  intact  carotid  sinus,  aortic  depressor, 
and  vagus  nerves.  Lesions  of  these  medial 
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medullary  structures  in  baroreceptor  dener- 
vated  cats  produced  an  equivalent  increase  in 
SND.  The  effect  of  medial  medullary  lesions 
on  SND,  however,  was  prevented  by  prior 
decerebration.  These  results  indicate  that 
tonic  sympathoinhibition  involving  the  me- 
dial medulla  is  of  nonbaroreceptor  origin  and 
is  dependent  upon  the  integrity  of 
forebrain-medullary  connections.  The  in- 
crease in  SND  produced  by  medial  medullary 
lesions  was  not  significantly  different  from 
that  produced  by  section  of  the  baroreceptor 
nerves  or  by  ablation  of  the  medullary  nu- 
cleus of  baroreceptor  fiber  termination  (i.e., 
NTS).  Thus,  the  nonbaroreceptor  sympa- 
thoinhibitory  system  of  the  medial  medulla  is 
potentially  as  important  as  the  baroreceptor 
reflexes  in  the  control  of  SND  in  the  anesthe- 
tized cat.  Finally,  this  study  also  demon- 
strated that  sympathoinhibitory  elements  in 
NTS  are  not  tonically  active  in  the  absence 
of  baroreceptor  nerve  input. 
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The  putative  role  of  dietary  fiber  in  pre- 
venting colon  cancer  has  generated  a  great 
deal  of  interest  and  controversy  (1,  2).  Epi- 
demiological studies  indicate  that  large  bowel 
diseases,  particularly  colon  cancer,  have  a 
characteristic  geographic  distribution.  Low 
incidences  of  colon  cancer  are  found  where 
the  population  consumes  a  diet  high  in  fiber 
derived  from  natural,  unprocessed  foods.  On 
the  other  hand,  the  highest  incidences  occur 
in  areas  where  people  consume  highly  refined 
diets  low  in  fib«r  and  high  in  fats. 

There  has  been  a  paucity  of  animal  studies 
designed  to  test  whether  or  not  dietary  fibers 
indeed  have  a  protective  role  in  chemically- 
induced  colon  carcinogenesis.  Dimethylhy- 
drazine  (DMH),  a  potent  carcinogen  with  an 
organotropism  for  the  colonic  mucosa  of  the 
rat,  provides  a  reliable  animal  model  for  such 
studies  (3,  4).  The  present  preliminary  study 
utilized  this  model  to  determine  whether  in- 
corporating wheat  bran,  a  model  dietary  fi- 
ber, into  the  diet  of  rats  influenced  the  pro- 
duction of  colonic  tumors. 

Materials  and  methods.  Male 
Sprague-Dawley  albino  rats  obtained  from 
Charles  River  Breeding  Laboratories,  Inc. 
(approx.  200  g  body  weight)  were  used.  All 
animals  were  housed  two  or  three  together  in 
plastic  boxes  lined  with  clean  hardwood  chip 
bedding  (Betta  Chip),  changed  twice  weekly, 
and  were  allowed  free  access  to  food  (ground 
Wayne  Lab-Blox  or  20%  bran  diet)  and  tap 
water.  Ten  rats  each  were  randomly  assigned 
to  one  of  four  groups:  Group  I — Control; 
Group  11—30  m^kg  DMH;  Group  111—20% 
Bran;  and  Group  IV — Bran  and  DMH. 

The  bran  diet  was  prepared  in  20  kg 
batches  by  mixing  ordinary  wheat  bran  (Ag- 
way.  Inc.)  into  the  standard  diet  at  a  concen- 
tration of  20%.  Although  bran  diluted  the 
components  of  the  standard  diet,  note  must 
be  made  that  wheat  bran  contains  14%  pro- 
tein, 3%  fat,  and  numerous  vitamins  and  min- 


erals as  well  as  1 1%  crude  fiber.  Accord 
Southgate  (S),  bran  contains  42%  diet 
ber,  itself  composed  of  7.6%  oellulosic 
saccharides,  2.9%  lignin,  and  31%  noi 
losic  polysaccharides.  The  crude  fiber  o 
of  the  standard  diet  was  3.2%,  whereas 
tion  of  20%  bran  increased  the  crudt 
content  to  4.5%. 

Symmetrical  1,2-dimethylhydnizine 
drochloride  (DMH,  97%  pure)  obtained 
Aldrich  Chemical  Co.  was  dissolved  u 
NaCl  solution  (IS  mg/ml  total  salt] 
given  weekly  by  stomach  tube  at  30  i 
body  weight  for  a  total  of  10  doses  duri 
first  9  weeks  of  the  study.  The  oral  ro 
administration  was  chosen  in  this  stu 
parallel  more  closely  the  exposure  of  n 
possible  dietary  carcinogens.  The  tv 
maining  groups  not  receiving  DMH 
similarly  given  0.9%  NaCl  solution  alo 

Individual  body  weights  were  rec 
weekly,  and  daily  food  consumption  wj 
culatcd  for  each  rat  thrice  weekly.  Intc 
transit  times  and  fecal  output  were  estii 
during  the  16th,  17th  and  20th  weeks 
study.  For  this  purpose,  rats  were  indivi< 
housed  in  metabolism  cages  for  a  1 
acclimation  period,  and  were  allowed 
access  to  food  and  water.  A  2%  suspens 
carmine  dye  in  0.9%  NaCl  solution  wa 
given  orally  by  stomach  tube  (5  mlAg 
weight)  to  each  rat  in  Groups  I  and 
serve  as  a  fecal  marker.  Beginning  1 1  hi 
intubation  of  the  dye,  the  feces  were  obs 
hourly,  and  the  first  appearance  of  tl 
dye  in  the  fecal  pellets  was  recorded, 
output  was  estimated  in  all  groups  as  th* 
wet  weight  of  feces  collected  in  a  24-hr  | 
from  each  rat. 

The  rats  were  killed  at  21  weeks 
overdose  of  ether,  12  weeks  after  the  las 
of  DMH.  The  intestinal  tract  was  o 
longitudinally  and  carefully  examine 
polypoid  or  sessile  tumors.  Raised  ar 
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3lonic  mucosa,  especially  near  Peyer's 
es,  which  were  not  obvious  as  neo- 
LS  grossly  were  all  sampled  for  micro- 
:  confirmation.  In  addition,  a  represent- 
number  of  the  colonic  and  duodenal 
rs  were  fixed  in  cold  70%  ethanol-10% 
red  formalin-glacial  acetic  acid  (20:2:1) 
9%  neutral  bufTered  formalin,  and 
dded  in  paraffin.  Sections  4  /im  thick 
stained  with  H&E  and  PAS  for  histo- 
logical examination. 
tistics.  Data  was  expressed  as  mean  ± 
Jl  statistics  were  done  using  Student's  / 

mlts.  Gross  observations.  Rats  from  all 
fs  were  generally  normal  in  appearance 
tehavior  throughout  the  21 -week  study, 
la  was  seen  around  the  anus  of  a  few 
r-bearing  animals,  and  one  rat  from 
p  rv  was  found  dead  at  3  weeks,  appar- 
due  to  accidental  intubation  of  the 
[  solution  into  the  lungs. 
iy  weights  and  food  consumption.  The 
body  weights  (Table  I)  of  rats  in 
ps  II  and  IV  were  lower  (P  <  0.05)  than 
ol  (Group  I)  at  5  weeks.  This  trend  was 
pronounced  at  10  weeks  (P  < 
3.001),  and  may  reflect  the  toxicity  of 
[.  Following  cessation  of  DMH  treat- 
body  weight  gains  in  both  groups  given 
[  equalled  or  exceeded  that  of  the  Con- 
^oup.  The  reason  for  the  depressed 
h  rate  in  rats  given  the  20%  bran  diet  is 
nown  at  this  time,  but  may  have  been 
o  adsorption  to  the  fiber  of  trace  ele- 
>  essential  for  growth  (6).  Food  con- 
tion  varied  from  day  to  day  within  and 
«n  groups,  but  overall  average  daily 
x>nsumption  of  the  standard  diet  was  28 
compared  to  34  g/rat  for  the  20%  bran 


Intestinal  transit  time  and  fecal  output.  The 
transit  time-50%  for  rats  given  the  standard 
diet  was  18  hr  compared  to  <11  hr  for  rats 
given  the  20%  bran  diet.  Mean  transit  time 
was  also  decreased  (P  <  0.05)  in  the  same 
group.  Rats  in  both  groups  on  the  20%  bran 
diet  excreted  more  feces  (P<  0.05)  than  those 
fed  the  standard  diet  (Table  II).  The  average 
increase  in  fecal  output  was  greater  than  the 
amount  of  bran  in  the  diet,  and  so  was  not 
simply  the  result  of  indigestable  fiber  in  the 
20%  bran  diet. 

Tumor  incidence  and  distribution.  (Table 
III.)  Gastrointestinal  tumors  were  not  found 
in  rats  belonging  to  Groups  I  and  III.  Rats 
given  DMH  alone  had  a  100%  (10/10)  inci- 
dence of  grossly  observable  colonic  tumors 
with  a  mean  of  6.4  tumors/rat  and  a  range 
of  3-12  per  rat.  There  was  a  slight  decrease 
in  the  incidence  of  colonic  tumors  in  rats 
fed  20%  bran  and  given  DMH  (67%,  6/9), 
and  a  lower  (P  <  0.001)  mean  of  1.8 
tumors/rat/group  with  a  range  of  0-5  per  rat 
(Table  III).  Also,  the  number  of  colonic  tu- 
mors found  in  rats  that  had  tumors  in  this 

TABLE  II.  Intestinal  Transit  Times  and  Mean 
Fecal  Output. 


Tran- 

sit 

time- 

Mean  tran- 

Fecal out- 

50%'' 

sit  time 

put' 

Group 

(hr) 

(hr) 

(g) 

Control 

18 

18.6  ±  1.43* 

6.0  ±  0.68 

DMH 

7.7  ±  1.06 

Bran 

<ll 

13.9  ±  1.16* 

10.0  ±  1.33* 

Bran  &  DMH 

9.6  ±  1.09* 

"  First  appearance  of  red-colored  fecal  pellets  in  50% 
of  the  rats  in  each  group. 

*  Transit  time  in  one  rat  was  >24  hr;  arbitrarily  esti- 
mated to  be  25  hr. 

*^  Wet  weight/24  hr. 

•  Sutistically  different  (P<  0.05)  from  Control  group. 


TABLE  I. 

Mean  Body  Weights  (g) 

OF  Rats  Given  Bran,  DMH,  or 

Bran  and  DMH. 

Weeks 

on  Test 

jroup" 

0 

2 

5 

10 

15                      20 

itrol 

[H 

n 

n&DMH 

192  ±4 
192  ±3 
201  ±4 
201  ±3 

297  ±4 
291  ±5 
293  ±5 
289  ±6 

406±6 
378  ±  10* 
392  ±9 
372  ±  14* 

499  ±6 
451  ±  13** 
474  ±  12 
440  ±  I3*** 

567  ±9              585  ±  15 
534  ±  15            581  ±  16 
530  ±  20           563  ±  26 
507  ±12**        527  ±21* 

tistical  differences  from  Control  group, 
c  0.05. 
:0.01. 
:  0.001. 
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TABLE  III.  Effects  of  Bran  on  Dimethylhydrazine-Induced  Intestinal  Tumors  in  Rats. 


Colonic  tumors 

Duodenal  tumors 

Cecal  tumors 

Group 

Incidence 

No./Rat" 

Incidence 

No./Rat- 

Incidence 

No./Rat- 

DMH 

Bran  and  DMH 

10/10 

(100%) 

6/9 

(67%) 

6.4  ±  0.88 
(3-12) 

1.8±0.62** 
(0-5) 

8/10 
(80%) 

8/9 
(89%) 

1.3  ±0.33 
(0-3) 

2.2  ±  0.55 
(0-5) 

1/10 
(10%) 

2/9 
(22%) 

0.2  ±  0.20 
(0-2) 

0.2  ±0.15 
(0-1) 

"  Mean  ±  SE  for  group  (range). 

^  Mean  number  of  tumors/rat  with  tumors  was  2.7  ±  0.67  (P  <  0.01). 

*  Statistically  different  {P<  0.001)  from  DMH  group. 


group  was  2.7  tumors/rat,  still  lower  (P  < 
0.01)  than  that  found  in  Group  II.  However, 
the  size  (mean  3.7  mm  diam,  range  1-10  mm) 
and  distribution  (mean  10.7  cm  proximal  to 
anorectal  junction)  of  the  colonic  tumors 
were  similar  between  Groups  II  and  IV. 

The  incidence  of  duodenal  tumors  was  sim- 
ilar between  the  two  dietary  groups.  The 
number  of  duodenal  tumors  in  Group  IV  was 
slightly  higher  (2.2  tumors/rat/group),  but 
not  significantly  different  from  Group  II  (1.3 
tumors/rat/group).  The  size  (mean  S.7  mm 
diam,  range  1-14  mm)  and  distribution 
(mean  2.4  cm  distal  to  pyloric  junction)  of 
these  tumors  were  similar  in  both  groups. 

In  addition,  two  tumors  were  found  in  the 
cecum  of  one  rat  from  Group  II,  and  one 
cecal  tumor  was  found  in  two  rats  from 
Group  rv. 

Histopathology.  In  general,  random  and 
representative  tumors  from  Groups  II  and  IV 
were  subjected  to  histopathologic  examina- 
tion. Polypoid  adenomas,  adenocarcinomas, 
and  mucinous  adenocarcinomas  were  noted 
in  agreement  with  earlier  reports  (7).  No 
attempt  was  made  to  characterize  histologi- 
cally every  tumor  counted  grossly.  One  inter- 
esting feature,  though,  was  a  striking  absence 
of  PAS-positive  material  in  the  polypoid  ad- 
enomas which  correlated  with  the  relative 
absence  of  mature  goblet  cells. 

Discussion.  There  is  a  group  of  diseases 
characteristic  of  Western  civilization  which 
has  been  linked  to  fiber-depleted  diets.  These 
diseases  include  diverticular  disease  of  the 
colon,  appendicitis,  hiatus  hernia,  hemor- 
rhoids, varicose  veins,  and  cancer  of  the  colon 
and  rectum  (I).  Burkitt  suggests  that  the  oc- 
currance  of  bowel  cancer  and  fiber  depletion 
is  a  "reasonably  well-supported  hypothesis", 
but  little  experimental  data  in  animals  is 
available  to  support  or  reject  this  hypothesis. 


Dietary  fibers  are  known  to  affect  the  bacte- 
rial flora  of  the  gut  (8),  and  effects  on  intes- 
tinal transit  time  and  fecal  output  are  well 
documented  (9). 

In  the  present  experiment,  and  in  keeping 
with  previous  reports  in  man,  dietary  bran 
decreased  intestinal  transit  time  and  signifi- 
cantly increased  fecal  output.  The  time  allow- 
able for  bacterial  activation  of  postulated  co- 
carcinogens  would  therefore  be  reduced,  and 
the  greater  fecal  bulk  would  tend  to  dilute  the 
carcinogen,  as  well  as  bile  salts,  the  latter 
recently  implicated  as  cocarcinogens  (10, 11). 
These  effects  were  associated  with  a  reduction 
in  the  incidence  and  number  of  colonic  tu- 
mors in  rats,  suggesting  that  this  dietaiy  fiber 
provides  partial  protection  against  chemi- 
cally-induced colon  carcinogenesis. 

The  number  and  incidence  of  duodenal 
tumors  were  similar  between  dietary  groups. 
The  close  proximity  of  these  tumors  to  the 
opening  of  the  common  bile  duct  suggested 
that  an  active  metabolite  of  DMH  was  being 
excreted  directly  into  the  bile,  or  that  the  high 
local  concentration  of  bile  salts  was  acting  to 
promote  tumorigenesis  in  this  area.  It  shoukl 
be  mentioned  that  the  mechanism  of  carci- 
nogenesis of  DMH  has  a  significant  systemic 
component  (12).  The  active  metabolite  of 
DMH,  methylazoxymethanol,  can  reach  the 
epithelial  cells  of  susceptible  mucosa  via  the 
systemic  circulation  independent  of  the  lu- 
menal  contents  of  the  gut.  The  fact  that  bran 
probably  exerts  its  major  physiological  effects 
in  the  colon  may  explain  the  absence  of  any 
reduction  in  the  mean  number  of  duodenal 
tumors  in  rats  given  the  bran  diet. 

The  results  of  this  study  are  in  agreement 
with  Wilson  et  al.  (13)  who  noted  that  bran 
reduced  the  incidence  of  colon  tumors  in- 
duced by  DMH  in  rats  fed  diets  high  in  beef 
fat  or  com  oil.  On  the  other  hand.  Ward  er 
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4)  found  that  while  alphacel  (refined 
lose)  had  little  effect  on  the  number  of 
I  tumors,  smaU  intestinal  tumors  were 
:ed  by  addition  of  high  levels  of  this 
to  the  diet.  The  differences  in  the  mode 
Iministration  of  DMH  and  the  type  of 
used  are  probably  the  major  reasons  for 
liscrepancy.  Cellulose  is  only  one  chem- 
^-defined  component  of  dietary  fiber, 
i  bran  is  a  substance  with  complex  nu- 
nal  and  chemical  characteristics  (IS), 
modest  increase  in  crude  fiber  of  the  20% 
diet  should  not  obscure  the  fact  that  the 
ry  fiber  content  is  qualitatively  different 
much  greater  scale. 

mmary.  The  putative  role  of  dietary  fiber 
investigated  in  dimethylhydrazine 
H)-induced  colon  carcinogenesis  in  rats, 
groups  of  10  male  Sprague-Dawley  rats 
were  used:  Group  I — Control;  Group 
\0  mg/kg  DMH;  Group  111—20%  bran; 
Group  IV— Bran  and  DMH.  Intestinal 
it  times  were  decreased  and  fecal  outputs 
increased  in  rats  given  the  20%  bran 
In  Group  II,  aU  10  rats  had  tumors  with 
an  of  6.4  tumors/rat  whereas  in  Group 
of  9  rats  (67%)  had  tumors  with  a  mean 
ily  1.8  tumors/rat/group  and  2.7  tu- 
/rat  which  had  tumors.  The  size  and 
bution  of  these  tumors  were  similar  in 
groups.  Bran  in  the  diet  had  little  effect 
e  incidence,  number,  and  distribution  of 
enal  tumors. 


This  work  was  supported  in  part  by  Research  Grant 
No.  2-P01-ES00226-10  from  NIEHS,  NIH  Training 
Grant  No.  3-T01-ES00103-10,  and  Dr.  Abraham*s  Re- 
search Career  Development  Award  1-KO4-ES706O8-O5. 
Presented  at  the  annual  Society  of  Toxicology  Meetings 
in  Toronto,  Canada,  March  29,  1977.  We  appreciate  the 
excellent  technical  assistance  given  by  Nelson  Ringwood 
and  Suresh  Khilnani,  and  the  help  given  by  Mary  Teresa 
Corey  in  preparing  the  manuscript. 

1.  Burkitt,  D.  P.,  Digest  Dis.  21,  104  (1976). 

2.  Mendeloff,  A.  I.,  Digest.  Dis.  21,  109  (1976). 

3.  Newbeme,  P.  M.,  and  Rogers,  A.  E.,  Amer.  J.  Pathol. 
72,541(1972). 

4.  Martin,  M.  S.,  Martin,  F.,  Michiels,  R.,  Bastien,  H., 
Justrabo,  E.,  Bordes,  M.,  and  Viry,  B.,  Digestion  8, 
22(1973). 

5.  Southgate,  D.  A.  T.,  J.  Sci.  Food.  Agric.  20,  331 
(1%9). 

6.  Mendeloff,  A.  I.,  New  Eng.  J.  Med.  297,  81 1  (1977). 

7.  Ward,  J.  M.,  Ub.  Invest.  30,  505  (1974). 

8.  Reddy,  B.  S.,  and  Wynder,  E.  L.,  J.  Nat.  Cancer 
Inst.  50,  1437(1973). 

9.  Walker,  A.  R.  P.,  and  Burkitt,  D.  P.,  Digest.  Dis.  21, 
910(1976). 

10.  Aries,  V.,  Crowther,  J.  S.,  Drasar,  B.  S.,  HiU,  M.  J., 
and  Williams,  R.  E.  O.,  Gut  10,  334  (1969). 

1 1.  Hill  M.  J.,  Cancer  34,  815  (1974). 

12.  Pozharisski,  K.  M.,  Kapustin,  Yu.  M.,  Likhachev,  A. 
J.,  and  Shaposhnikov,  J.  D.,  J.  Cancer  IS,  673  (1975). 

13.  Wilson,  R.  B.,  Hutcheson,  D.  P.,  and  Wideman,  L., 
Amer.  J.  Clin.  Nutr.  30,  176  (1977). 

14.  Ward,  J.  M.,  Yamamoto,  R.  S.,  and  Weisburger,  J. 
H.,  J.  Nat.  Cancer  Inst.  51,  713  (1973). 

15.  TroweU,  H.,  Amer.  J.  Clin.  Nutr.  29, 417  (1976). 

Received  October  10,  1977.  P.S.E.B.M.  1978.  Vol.  157. 


niOCEEOlNOS  OF  THE  SOCIETY  POR  EXPCRIMENTAL  BIOLOGY  AND  MEDICINE  157,660-464(1978) 


Sparsomycin-lnduced  Disaggregation  but  not  Detachment  of  Hepatic  Membrane-Bound 

Polyribosomes^  (40116) 

H.  SIDRANSKY,^  E.  VERNEY,  C.  N.  MURTY  and  D.  S.  R.  SARMA^ 

Department  of  Pathology,  University  of  Pittsburgh,  School  of  Medicine,  Pittsburgh,  Pennsylvania  1 521 3  and 
Department  of  Pathology,  The  George  Washington  University  Medical  Center,  fVashington,  D.C.  20037 


For  a  number  of  years  our  laboratory  has 
been  concerned  with  the  mechanisms  by 
which  selected  hepatotoxic  agents  act  on  he- 
patic polyribosomes  and  protein  synthesis  in 
experimental  animals.  Among  the  agents  in- 
vestigated were  actinomycin  D  (1-3),  puro- 
mycin  (4-6),  ethionine  (5,  7-9),  aflatoxin  Bi 
(10),  ecu  (5, 8, 1 1),  hypertonic  NaCl  (12-15), 
dimethylnitrosamine  (16),  and  sparsomycin 
(5,  17).  The  studies  were  concemeid  with  how 
these  agents  affect  the  total  polyribosomes  as 
well  as  the  free  and  membrane-bound  poly- 
ribosomes of  the  livers  of  rats  and  mice. 
Studies  dealing  with  the  nature  of  attachment 
of  ribosomes  to  membranes  in  livers  of  ani- 
mals exposed  to  hepatotoxins  were  also  un- 
dertaken. They  revealed  that,  even  though 
agents  such  as  ethionine,  puromycin,  CCU, 
and  sparsomycin  caused  extensive  disaggre- 
gation of  membrane-bound  polyribosomes, 
they  did  not  cause  detachment  of  ribosomes 
from  the  membranes  (S).  This  led  to  further 
studies  which  revealed  that  normal  mem- 
brane-bound ribosomes  attached  to  mem- 
branes could  be  influenced  in  vitro  by  [K*^] 
(increasing  [K*^]  leads  to  detachment)  (8). 
Similar  findings  have  been  reported  by  Adel- 
man  et  al.  (18)  who  also  demonstrated  that 
ribosomes  are  bound  to  membranes  by  a 
direct  interaction  between  the  membrane  and 
the  large  ribosomal  subunit  which  are  labile 
at  high  KCl  concentrations.  Also,  evidence 
has  been  presented  that  disaggregated  mem- 
brane-bound ribosomes  obtained  after  in  vivo 
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treatment  of  mice  or  rats  with  ethionine  or 
ecu  could  be  released  from  membranes  with 
high  KCl  concentrations  (8). 

Recently  we  investigated  the  effect  of  [K^] 
in  vitro  on  detachment  of  hepatic  ribosomes 
after  sparsomycin  treatment  in  vivo  and  ob- 
served that  the  ribosomal  attachment  to 
membranes  was  different  than  that  found 
earlier  after  ethionine  or  CCU.  Sparsomycin 
has  been  demonstrated  in  vivo  to  cause 
marked  disaggregation  of  hepatic  polyribo- 
somes (5,  17,  19,  20).  The  present  report  deab 
with  the  findings  which  suggest  that  the  h^ 
patic  ribosomes  on  membranes  after  sparso- 
mycin treatment  in  vivo  are  attached  via  pep- 
tides as  well  as  by  ionic  bridging  influenced 
by  [K^l. 

Materials  and  methods.  Female  mice 
weighing  25  g  and  female  rats  weighing 
150-180  g  (Hilltop  Lab  Animals,  Inc.,  Scott- 
dale,  PA)  were  fasted  overnight  before  using. 

Labeled  membrane-bound  polyribosomes 
were  obtained  by  administering  [^%3]-6-orotic 
acid  (58  mCi  per  nmiole),  2.5  fiCi  per  mouse 
or  5  /iCi  per  rat,  intraperitoneally  20  hr  before 
killing. 

Sparsomycin,  obtained  as  a  gift  from  the 
National  Cancer  Institute,  1  /ig/g  of  body 
weight,  was  administered  intraperitoneally  2 
hr  before  killing.  Dimethylnitrosamine,  ob- 
tained from  Eastman  Organic  Chemicals. 
1.25  mg/mouse  was  administered  intraperi- 
toneaUy  1  hr  before  killing.  Control  animals 
received  saline  (0.9%  NaCl). 

Preparation  of  membrane-bound  ribo- 
somes and  determinations  of  radioactivity  in 
the  ribosomes  were  essentially  the  same  as 
described  earlier  (5,  8).  Ten  milliliter  aliquots 
of  1.38  M  sucrose  layer  (containing  O.OS  M 
Tris,  pH  7.6,  and  0.005  M  MgCb  6H2O 
(TM),  rat  liver  cell  sap,  and  membran^ 
bound  polyribosomes  freed  of  free  ribosomes) 
were  adjusted  to  different  concentrations  of 
KCl  (2.5  M  KCl  in  0.25  M  sucrose  containing 
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TM  was  added  to  give  final  concentrations  of 
0.1,  0.2,  or  0.4  M  KCl).  Total  volumes  were 
made  up  to  12.S  ml  with  TM  and  the  tubes 
were  incubated  on  ice  for  20  min  and  12.S  ml 
of  incubating  mixture  were  loaded  on  to  a 
discontinuous  gradient  of  7  ml  of  2.0  M  su- 
crose in  TM  and  7  ml  of  1.38  3/  sucrose  in 
TM.  The  tubes  containing  26.S  ml  were  cen- 
trifuged  for  20  hr  at  29,000  rpm  at  2"^  in  a  30 
rotor  in  a  Spinco  model  L3-40  centrifuge. 
The  1.38  M  sucrose  layer  and  above  super- 
natant was  aspirated,  treated  with  10%  de- 
oxycholate  to  give  a  final  concentration  of  1% 
deoxycholate,  diluted  with  TKM  (TM  + 
0.025  M  KCl)  to  30  ml  and  centrifuged  for  4 
hr  at  40,000  rpm  at  2"^  in  a  42. 1  rotor  to  pellet 
membrane-bound  ribosomes.  The  2.0  M  su- 
crose layer  along  with  the  pelleted  detached 
ribosomes  was  diluted  three  times  its  volume 
with  TKM  and  centrifuged  2  hr  at  40,000 
rpm  at  2^  in  a  42.1  rotor  to  pellet  detached 
ribosomes.  One  aliquot  (10  ml)  of  1.38  M 
sucrose  layer  (containing  TM,  rat  liver  cell 
sap,  and  membrane-bound  polyribosomes) 
was  incubated  with  puromycin  (6  mg  per 
tube),  4  mg  ATP,  2.25  mg  GTP,  26  mg  PEP, 
0.015  ml  pyruvate  kinase  (60 1.U.)  and  2.5  ml 
dialyzed  Uver  cell  sap  for  30  min  at  37*^  before 
it  was  incubated  on  ice  with  different  concen- 
trations of  KCl.  In  each  case,  the  radioactive 
detached  ribosomes  (2  M  sucrose  and  pellet) 
and  retained  or  undetached  ribosomes  (1.38 
M  sucrose  layer)  were  determined.  Percent- 
age of  detachment  was  calculated  as  detached 
ribosomes  x  100/total  ribosomes  (detached 
+  undetached).  Each  value  was  corrected  for 
blanks. 

Incorporation  of  [^^CJphenylalanine  into 
polypeptide  using  ribosomes  obtained  from 
postmitochondrial  supematants  under  the  di- 
rection of  poly(U)  was  performed  as  de- 
scribed earlier  (21). 

Results,  Previously  we  reported  that  mem- 
brane-bound polyribosomes  of  normal  fasted 
animals  prepared  by  the  method  of  Blobel 
and  Potter  (22)  and  incubated  in  the  presence 
of  0.4  Af  KCl  in  vitro  revealed  a  30%  detach- 
ment of  ribosomes  while  membrane-bound 
polyribosomes  of  CCU-  or  ethionine-treated 
animals  prepared  and  incubated  similarly  re- 
vealed a  53-65%  detachment  of  ribosomes 
(8).  Thus,  even  though  the  membrane-bound 
hepatic  ribosomes  had  become  disaggregated 


by  ecu  or  ethionine  treatment  in  vivo,  they 
were  still  attached  to  membranes  and  only 
after  KCl  incubation  in  vitro  became  de- 
tached (8).  In  contrast  to  these  findings,  when 
rats  were  treated  in  vivo  with  sparsomycin, 
which  caused  marked  disaggregation  of  he- 
patic polyribosomes  (5),  incubation  of  mem- 
brane-bound ribosomes  with  KCl  in  vitro 
failed  to  increase  the  detachment  of  ribo- 
somes over  that  in  controls  (Table  I).  This 
finding  led  us  to  explore  why  the  disaggre- 
gated polyribosomes  of  the  sparsomycin- 
treated  rats  behaved  differently  than  did 
those  of  CCU-  or  ethionine-treated  rats. 

Earlier  findings  suggested  that  membrane- 
bound  ribosomes  were  attached  to  mem- 
branes in  at  least  two  ways:  when  engaged  in 
protein  synthesis,  they  are  attached  to  mem- 
branes by  growing  polypeptides  as  well  as  by 
binding  that  can  be  influenced  by  [K*^];  and 
when  they  are  not  engaged  in  protein  synthe- 
sis, they  are  attached  only  by  the  latter  (8, 
18).  This  suggested  to  us  that  conceivably  the 
disaggregated  ribosomes  of  sparsomycin- 
treated  animals  may  still  be  attached  via  pep- 
tides even  though  they  are  not  active  in  pro- 
tein synthesis.  To  test  for  this  we  conducted 
experiments  whereby  hepatic  membrane- 
bound  ribosomes  of  control  and  sparsomycin- 
treated  mice  were  preincubated  in  vitro  with 
puromycin  before  incubating  them  with  in- 
creasing concentrations  of  KCl.  Puromycin 
reacts  with  ribosomal  bound  peptidyl-tRNA 

TABLE  I.  Influence  of  Different 
Concentrations  of  KCl  on  the  Detachment  of 

Ribosomes  from  Membrane-Bound 

Polyribosomes  of  Livers  of  Control  (Saline) 

AND  Sparsomycin-Treated  Rats." 


KCl 
M 


Percentage  of  detachment  of  ribosomes 


Control 


Sparsomycin 


0.10 
0.20 
0.40 


13.5  ±  1.9 
15.7  ±  3.0 
22.5  ±  3.2 


13.0  ±  1.9 
19.0  ±  2.2 
27.0  ±  2.7 


"  Rats  received  intraperitoneally  as  follows:  control, 
saline  4  hr  before  killing  or  sparsomycin  (1  fi/g  of  body 
weight)  2  hr  before  killing.  Each  rat  received  5  ^Ci  of 
["C]-6-oroUte  intraperitoneally  18-20  hr  before  killing. 
Membrane-bound  polyribosomes  (1.38  M  sucrose  layer 
containing  0.05  M  Tris,  pH  7.6,  and  0.005  M  Mg'"  and 
rat  liver  sap)  were  prepared  and  incubated  with  different 
concentrations  of  KCl  and  detached  ribosomes  were 
obtained.  Groups  of  each  experiment  consisted  of  two 
rats.  The  results  are  the  average  of  seven  experiments  ± 
SE  of  the  mean. 
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TABLE  II.  Influence  of  Puromycin  and  Different  Concentrations  of  KCl  on  the  Detachment  of 
RiBosoMES  from  Membrane-Bound  Polyribosomes  of  Livers  of  Control  (Saune),  Sparsomycin-,  ok 

Dimethylnitrosamine-Treated  Mice." 


No.  of  exper- 

Puromycin 

PercenUge 

of  detachment  of  hbosomcs 

Group 

iments 

incubation 

0.1  M  KCl 

0.2  M  KCl 

0.4^  KG 

Control 

3 

— 

9.9  ±  1.7 

15.4  ±  2.0 

22.8  ±  3.2 

+ 

13.6  ±  2.6 

22.3  ±2.1 

45.3  ±4J 

Sparsomydn 

3 

- 

13.4  ±  1.5 

19.9  ±2.1 

24.6  ±5J 

+ 

15.1  ±  1.1 

29.4  ±  3.6 

47.5  ±  3.6 

Control 

2 

- 

5.8  ±  3.4 

10.0  ±  3.0 

15.4  ±  5i 

+ 

14.8  ±6.1 

30.6  ±  2.2 

47.6  ±  114 

Dimethylnitrosamine 

2 

— 

9.3  ±  0.6 

18.0  ±  3.9 

23.0  ±  5.1 

+ 

16.4  ±  1.5 

33.6  ±  6.7 

56.5  ±4.1 

'  Aliquots  (10  ml)  of  1.38  M  sucrose  layer  (containing  TM,  liver  cell  sap,  and  membrane-bound  polyribosoncs) 
were  incubated  with  6  mg  puromycin,  4  mg  ATP,  2.25  mg  GTP,  26  mg  PEP,  0.015  ml  pyruvate  kinase  and  2i  ml 
dialyzed  liver  cell  sap  for  30  min  at  37®  before  they  were  incubated  on  ice  with  different  concentrations  of  KCL  Tbe 
results  are  the  means  ±  SE  of  the  means. 


to  form  a  peptidyl  puromycin  product  which 
is  then  released  from  the  polyribosome  (23). 
The  results,  sunmiarized  in  Table  II,  revealed 
that  puromycin  preincubation  accentuated 
the  release  of  ribosomes  from  the  membranes 
of  the  sparsomycin-treated  group.  This  sug- 
gests that  the  disaggregated  ribosomes  of  the 
experimental  animals  contain  peptides  which 
are  maintaining  the  attachment  of  ribosomes 
to  the  membranes. 

In  one  experiment  we  studied  the  ability  of 
isolated  ribosomes  from  sparsomycin-treated 
rats  and  control  rats  with  poly(U)  to  incor- 
porate [^^C]phenylalanine  into  polyphenyl- 
alanine.  The  ribosomes  of  the  experimental 
group  incorporated  SS%  less  than  that  of 
controls. 

Discussion.  Our  present  findings  that  the 
sparsomycin-induced  disaggregation  of  poly- 
ribosomes into  monomers  that  still  retain 
peptides  which  may  become  liberated  by  pur- 
omycin treatment  in  vitro  are  consistent  with 
results  reported  by  Hayes  et  al  (20).  These 
investigators  presented  evidence  that  there 
was  an  increase  in  the  tRNA  content  of  he- 
patic total  ribosomes  of  sparsomycin-treated 
mice  in  comparison  with  that  of  run-ofT  ri- 
bosomes. Thus,  they  considered  the  disaggre- 
gated polyribosomes  due  to  sparsomycin  to 
be  faU-off  ribosomes  (ribosomes  falling  ofT 
from  mRNA).  Also,  by  measuring  dissocia- 
bility  of  these  80  S  ribosomes  in  0.3  M  KCl, 
we  (8),  as  well  as  they  (20),  found  that  they 
dissociated  into  two  ribosomal  subunits,  sug- 
gesting that  the  ribosomes  were  free  of 
mRNA. 

Our  present  results  emphasize  that  certain 


hepatotoxic  agents  may  in  vivo  disaggr^ate 
membrane-bound  polyribosomes  into  mono- 
mers which  structurally  may  be  different 
from  those  induced  by  other  agents.  For  a- 
ample,  administration  of  hepatotoxins  sud 
as  ethionine  and  CCU  lead  to  disaggregation 
of  polyribosomes  to  monomers  that  do  no( 
contain  peptides  (run-off  ribosomes)  (S).  On 
the  other  hand,  administration  of  an  ageni 
such  as  sparsomycin  leads  to  disaggregatioi 
of  polyribosomes  of  monomers  that  stiU  con 
tain  peptides  (fall-off  ribosomes)  (20).  Al 
though  both  classes  of  ribosomes  under  the» 
experimental  conditions  do  not  maintain  pro 
tein  synthesis,  the  attachment  of  the  singh 
ribosomes  of  the  two  types  to  membranes  an 
different:  the  former  type  inainfainR  attach 
ment  by  a  cationic  type  of  bridging  while  the 
latter  type  has,  in  addition,  peptides  whid 
influence  attachment. 

Sparsomycin,  a  sulfur-containing  anti- 
biotic, inhibits  protein  synthesis  in  both  bac- 
terial and  mammaUan  cells  (24).  It  has  been 
found  to  block  peptide  bond  formation  and 
thus  prevents  the  transfer  of  amino  adds  from 
tRNA  to  the  nascent  polypeptide  chains 
based  upon  previous  stu(Ues  using  a  cell-free 
system  from  Escherichia  colt  (25)  and  from 
mouse  liver  (19).  These  studies  suggested  that 
sparsomycin  binds  to  the  larger  ribosomal 
subunits  and  inhibits  peptidyl  transferase,  an 
enzyme  responsible  for  peptide  bond  fonna- 
tion.  Also,  sparsomycin  hais  been  reported  to 
inhibit  in  vivo  the  factor-dependent  initiation 
of  new  polyphenylalanine  chains  as  well  as 
factor-dependent  binding  of  either  ph^ 
tRNA  or  met-tRNA  to  40  S  ribosomal  sub- 
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units  (17).  Using  cycloheximide,  an  agent  that 
acts  to  interfere  with  peptide  chain  release 
(26)  and  has  been  used  to  determine  whether 
it  can  cause  a  reformation  of  polyribosomes 
previously  disaggregated  by  hepatotoxic 
agents  (27),  we  observed  that  it  could  not 
reassemble  the  ribosomes  disaggregated  by 
sparsomycin  (17).  Our  present  findings  sug- 
gest that  sparsomycin  causes  faU-oflf  ribo- 
somes which  are  defective  as  indicated  by  the 
decreased  formation  of  polyphenylalanine 
when  assayed  in  vitro  with  poly(U).  Thus, 
sparsomycin  appears  to  act  in  a  number  of 
ways  in  disturbing  the  protein  synthetic 
mechanisms  in  the  fiver. 

Since  Chiga  et  al  (20,  28)  reported  that 
dimethylnitrosamine,  as  well  as  sparsomycin, 
acts  in  vivo  to  induce  faU-off  ribosomes,  it 
became  of  interest  to  test  how  dimethylnitros- 
amine would  act  in  relation  to  ribosomal 
attachment  to  membranes.  Our  results  (Table 
II)  reveal  that  it  was  necessary  to  use  puro- 
mycin  as  well  as  KCl  to  cause  detachment  of 
ribosomes  in  vitro  from  membranes,  results 
identical  to  those  found  with  sparsomycin 
(Table  II).  Thus,  at  least  two  hepatotoxic 
agents  seem  to  behave  in  a  similar  manner  in 
their  efTect  on  ribosomes. 

There  appears  to  be  at  least  three  ways  by 
which  polyribosomes  may  breakdown  into 
ribosomes  depending  upon  the  inducing 
agent.  They  are  as  follows:  (a)  run-off  ribo- 
somes, which  occur  normaUy  or  after  treat- 
ment with  agents  such  as  ethionine  and  CCU 
(S,  29,  30);  (b)  mRNA  containing  ribosomes, 
80  S  ribosomes  still  retaining  mRNA,  which 
are  found  after  RNase  digestion  (31);  and  3) 
fall-ofr  ribosomes,  which  are  found  after 
treatment  with  sparsomycin  or  dimethylnitro- 
samine. Our  current  study  presents  support 
for  the  existence  of  this  third  category  of 
ribosomes. 

Summary,  The  nature  of  attachment  of 
hepatic  ribosomes  to  membranes  after  spar- 
somycin treatment  in  vivo  of  rats  and  mice 
was  investigated.  The  results  based  upon  the 
influence  of  treatment  in  vitro  with  different 
concentrations  of  KCl  and  with  puromycin 
on  the  detachment  of  membrane-bound  ri- 
bosomes from  membranes  of  livers  of  spar- 
somycin-treated  animals  revealed  that  these 
ribosomes  are  attached  to  membranes  by  pep- 
tides as  well  as  by  ionic  bridging  and  are 
considered  as  fall-off  ribosomes.  Similar  ef- 


fects have  been  described  after  treatment  in 
vivo  with  dimethylnitrosamine.  In  contrast, 
treatment  in  vivo  with  ethionine  or  CCU  pro- 
duced run-off  ribosomes  which  are  attached 
only  by  ionic  bridging  since  they  become 
detached  in  vitro  with  KCl  treatment  alone. 
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ine  cetaceans  are  unique  in  the  mam- 
world  in  that  most  species  are  never 
d  to  fresh  water.  However,  little  atten- 
as  been  directed  at  ascertaining  the 
logical  control  mechanisms  in  the  reg- 
i  of  water  balance  in  these  animals, 
igh  some  animals  may  drink  small  vol- 
>f  sea  water,  their  predominant  source 
er  is  their  food.  A  similar  situation 
egarding  salt  intake.  Thus  there  is  little 
:  to  vary  the  ratio  of  salt  to  water  in 
iet.  What  then,  are  the  control  mech- 
>  responsible  for  maintaining  the  salt 
iter  balance  in  these  marine  animals? 
IS  been  shown  that  marine  cetaceans 
neasurable  circulating  levels  of  renin 
1  urinary  aldosterone  (2),  although  no 
strable  levels  of  ADH  have  been  found 
le  presence  of  both  renin  and  aldoster- 
consistent  with  the  hypothesis  that 
Lormones  are  involved  in  the  regulation 
and  water  balance.  To  date,  there  has 
10  information  regarding  variations  in 
^els  of  either  of  these  hormones  with 
;e  of  excretion  of  Na  or,  indeed,  with 
here  is  also  no  evidence  that  the  renin- 
ensin  system  stimulates  aldosterone  se- 
i  in  marine  cetaceans  and  pinnipeds, 
le  renin-angiotensin  system  is  a  stimu- 
Idosterone  in  these  animals,  as  it  is  in 
>ther  mammals,  one  would  expect  the 
>rmones  to  vary  together  as  the  diet  of 
imals  is  altered.  In  addition,  if  these 
mes  play  some  role  in  the  regulation  of 
cretion,  one  would  expect  a  negative 
n  between  the  rate  of  sodium  excretion, 
nary  concentration  of  Na,  and  the 
I  levels  of  both  renin  and  aldosterone 
Accordingly,  the  following  experiments 
lone  to  determine  if  such  a  relation 
in  these  animals. 

hods.  The  dolphins  were  adult  female 
9s  sp.  maintained  in  salt  water  pools  at 
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Sea  World  in  San  Diego,  California  since 
their  collection  in  the  Gulf  of  California  near 
San  Felipe,  Mexico  in  the  mid  1960*s.  The 
dolphins  were  aU  sexually  mature,  around  3 
mm  in  length  and  maintaining  weights  of  300 
±  SO  kg  during  the  year  prior  to  the  study. 
Two  different  types  of  experiments  were 
done.  First,  the  animals  were  fed  each  morn- 
ing at  the  same  time.  On  day  one  the  animals 
were  fed  their  normal  fish  diet  and  a  blood 
sample  was  collected  3  hr  later.  To  do  this  the 
pool  was  drained,  the  animals  were  placed  on 
a  foam  rubber  pad  and  kept  moist  while  the 
sample  was  collected  from  the  tail  fluke  (2). 
Blood  sampling  required  only  a  few  minutes 
after  which  the  water  was  raised  to  its  normal 
level.  Salt  was  fed  to  the  animals  in  gelatin 
capsules  that  were  placed  in  their  food  fish. 
Blood  samples  were  collected  at  the  same 
time  each  day,  before,  during  and  after  the 
salt  feeding  days  and  fasting  days. 

In  the  second  type  of  experiment  two  of 
the  dolphins  were  taken  from  the  pool  and 
laid  on  a  foam  rubber  mattress.  A  urinary 
catheter  with  inflatable  cufT  was  placed  in  the 
urethra  for  collection  of  aU  urine  for  analysis 
and  volume  measurements.  Blood  samples 
were  taken  at  the  start  and  hourly  for  8  h. 
Urine  volume  was  measured  hourly  and  an 
aliquot  kept  for  analysis.  Four  to  six  liters  of 
fresh  water  were  given  by  stomach  tube  about 
one  hour  after  the  first  blood  sample  was 
taken.  The  experiment  was  done  in  April  and 
again  in  October  employing  the  same  two 
animals. 

All  blood  was  collected  in  heparinized  sy- 
ringes and  immediately  centrifuged.  The 
plasma  was  separated  and  frozen  for  analysis. 
The  sea  lions  were  3-6  years  old  males,  none 
of  which  had  reached  sexual  maturity.  All 
animals  had  been  acquired  in  a  sick  condition 
from  southern  California  beaches  and  reha- 
bilitated at  least  1  year  prior  to  the  experi- 
ment. Two  of  the  sea  lions  were  maintained 
in  fresh  water  pools  and  two  in  salt  water 
pools  at  the  Marine  Life  Sciences  Laboratory 
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of  the  Naval  Undersea  Center  in  San  Diego. 
No  difTerences  in  hormone  levels  were  noted 
between  the  two  groups. 

Plasma  renin  activity  (PRA)  and  concen- 
trations of  aldosterone  were  estimated  using 
radioimmunoassay  methods.  PRA  was  deter- 
mined by  a  modification  of  the  method  of 
Haber  et  ai  (6).  Samples  were  incubated  for 
20  and  40  min  to  insure  linear  generation  of 
angiotensin  I.  Aldosterone  was  measured  us- 
ing the  New  England  Nuclear  Radioimmu- 
noassay Pak  (New  England  Nuclear,  Worces- 
ter, MA).  Ail  samples  were  done  in  quadru- 
plicate. Na  was  determined  by  flame  photom- 
etry. Creatinine  was  measured  by  the  method 
of  Bonsnes  and  Taussky  (8). 

Results,  Figure  1  shows  the  results  of  a 
single  experiment  in  which  plasma  from  a 
female  dolphin  ( Tursiops  sp.)  was  incubated 
in  the  absence  and  in  the  presence  of  addi- 
tional dog  substrate,  or  with  the  addition  of 
hog  renin.  These  data  show  that  generation 
of  angiotensin  was  linear  with  time,  up  to 
approximately  60  min  and  then  fell  ofT.  The 
addition  of  substrate  to  the  plasma  had  no 
efTect  on  the  generation  rate  of  angiotensin, 
indicating,  that  in  the  experiments  reported 
here,  substrate  was  not  limiting,  the  PRA 
values  are  a  good  measure  of  the  renin  con- 
centration in  the  samples.  If  hog  renin  was 
added  to  the  plasma,  the  generation  rate  of 
angiotensin  was  also  linear  for  60  min,  but 
each  point  was  considerably  above  that  ob- 
tained without  the  addition  of  hog  renin. 
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Fig.  2.  Variations  in  PRA  and  aldosterone  conoen- 
trations  in  a  dolphin  over  a  15-day  period.  Horizooul 
bars  indicate  time  when  the  animal  was  fed.  Intervals 
between  bars  represent  the  fasting  period. 


Fig.  1.  Time  course  of  generation  of  angiotensin  1  in 
cetacean  plasma  in  the  presence  and  absence  of  exoge- 
nous hog  renin  or  dog  substrate. 


Fig.  3.  Relation  between  PRA  and  aldosterone  lev- 
els in  six  marine  mammals.  Carlos,  Jojo,  Ricardo  and 
Bigmouth  are  sea  lions  and  Delilah  and  Cyerene  are 
dolphins.  Lines  connect  data  points  obtained  from  eadi 
animal  in  one  experimental  series  lasting  16  days.  PRA 
and  aldosterone  values  were  varied  by  feeding  NaCl 
(0.25  g/kg)  on  days  9-12.  In  two  animals  the  experiment 
was  repeated  7  months  later.  In  these  animals  the  two 
sets  of  data  points  are  represented  by  two  separate  lines 
using  the  same  symbols. 

In  Fig.  2  are  plotted  the  results  for  a  single 
animal  in  which  plasma  was  sampled  period- 
ically over  a  IS-day  period,  during  which  the 
animal  was  subjected  to  periodic  fasts  and 
periodic  treatment  with  sodium  chloride.  As 
can  be  seen  from  this  figure,  the  alterations 
in  the  levels  of  aldosterone  and  PRA  follow 
a  similar  course.  It  is  clear  that  both  levels 
fell  and  rose  together  over  the  IS-day  period. 
This  animal  was  treated  differently  from  the 
animals  presented  in  Fig.  3  in  which  are 
plotted  the  values  obtained  from  all  the  other 
animals  in  which  PRA  and  aldosterone  were 
measured.  For  most  animals  there  was  a  sig- 
nificant correlation  coefficient  between  PRA 
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the  concentration  of  aldosterone  of 
ma.  In  addition,  the  overaU  correlation 
licient  was  O.Sl  with  a  P  value  less  than 
5. 

igure  4  shows  the  results  of  two  experi- 
Lts  on  dolphins  in  which  blood  and  urine 
e  sampled  over  a  7-hr  period  while  the 
retion  of  sodium  in  the  urine  and  PRA 
e  also  measured.  There  was  an  excellent 
ative  correlation  between  the  rate  of  Na 
retion  and  PRA.  No  such  correlation  was 
uned  when  PRA  in  these  same  animals 

plotted  against  the  simultaneous  endog- 
us  creatinine  clearance  (Fig.  S). 
>iscussion.  The  data  presented  here  sup- 
t  the  hypothesis  that  plasma  renin  activity 
[  aldosterone  play  a  role  in  the  regulation 
he  salt  balance  in  marine  mammals.  The 
illy  significant  correlation  between  plasma 
in  activity  and  the  aldosterone  levels  of 
li  animal  supports  the  hypothesis  that  an- 
:ensin  is  a  stimulator  of  aldosterone  secre- 
i  in  these  species.  Furthermore,  it  appears 
n  these  data  that  renin  secretion  may  be 
Lilated  by  some  function  of  excreted  Na, 
t  is,  when  PRA  levels  are  high,  the  rate  of 
ium  excretion  is  low,  and  vice  versa.  How- 
r,  no  significant  relation  was  found  be- 
en creatinine  clearance  and  PRA.  Thus  it 
iflicult  to  assess  the  nature  of  the  stimulus 
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IG.  4.  Relation  between  the  excretion  of  Na  and 
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Fig.  5.  The  lack  ofcorrelation  between  the  clearance 
of  creatinine  and  PRA.  Data  are  from  the  same  animals 
in  Fig.  4. 

which  causes  changes  in  renin  secretion.  It 
should  be  noted  that  the  wide  range  of  cre- 
atinine clearances  for  each  animal  is  to  be 
expected  as  the  GFR  of  dolphins  is  quite 
labUe  (7). 

However,  it  does  appear  that  the  regulation 
of  salt  balance  by  dolphins  and  pinnipeds 
may  depend  in  part  on  an  active  renin-angi- 
otensin system  which  stimulates  aldosterone 
secretion.  It  is  possible  that  aldosterone  acts 
upon  renal  tubules  of  these  animals  in  a 
manner  similar  to  other  mammaUan  species. 
It  remains  to  the  seen,  however,  what  the 
precise  nature  of  the  stimulus  is  which  causes 
the  kidney  to  alter  the  secretion  rate  of  renin. 

Summary.  In  both  dolphins  and  sea  lions 
there  was  found  a  significant  correlation  be- 
tween plasma  renin  activity  (PRA)  and  the 
concentration  of  aldosterone  in  plasma.  Fur- 
thermore, an  excellent  correlation  was  ob- 
tained between  the  urinary  sodium  excretion 
and  PRA  in  two  dolphins.  These  data  support 
the  hypothesis  that  in  marine  mammals  the 
renin-angiotensin-aldosterone  axis  plays  a 
role  in  the  regulation  of  salt  balance.  How- 
ever, the  signal  perceived  by  the  kidney  which 
serves  to  regulate  renin  secretion  is  unknown. 
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Recent  Tindings  have  shown  that  many  of 
the  acute  phase  reactions  seen  during  inflam- 
mation or  infection  can  also  be  produced  by 
injection  of  leukocytic  endogenous  mediator 
(LEM).  LEM  is  a  low  molecular  weight  pro- 
tein that  is  released  from  stimulated  granu- 
locytes. Recent  evidence  suggests  it  is  very 
similar  or  identical  to  leukocytic  pyrogen  (1). 
It  has  been  found  that  LEM  injection  will 
increase  the  plasma  levels  of  a2-macrofeto- 
protein  (2),  ceruloplasmin  (3),  fibrinogen  (4), 
haptoglobin  (4),  and  C-reactive  protein  (5). 
All  of  these  are  glycoproteins  that  have  an 
increased  rate  of  synthesis  in  the  Uver  during 
inflammation.  Other  proteins  showing 
changes  in  response  to  acute  stresses  are 
transferrin,  hemopexin,  and  liver  catalase. 
Transferrin  levels  decrease  after  acute  injury, 
which  is  the  result  of  increased  synthesis  and 
an  even  greater  change  in  the  rate  of  catab- 
olism  (6).  Likewise,  Uver  catalase  decreases 
following  acute  injury  in  this  case  due  to  an 
inhibition  of  synthesis  (7).  Less  is  known 
concerning  the  control  of  hemopexin  levels 
after  injury,  but  it  has  been  suggested  that  in 
rats  hemopexin  acts  as  a  typical  acute  phase 
protein  (8).  This  suggestion  was  based  on  the 
flnding  of  increased  hemopexin  synthesis  in 
response  to  surgical  trauma. 

Since  transferrin  and  liver  catalase  respond 
to  acute  stress  quite  differently  from  hemo- 
pexin and  other  acute  phase  proteins,  their 
response  to  LEM  may  provide  insight  as  to 
how  LEM  influences  liver  protein  synthesis. 
The  speciflcity  of  the  LEM-induced  changes 
in  protein  metabolism  has  not  yet  been  fully 
established;  however,  should  LEM  injection 
reproduce  all  aspects  of  the  acute  phase  re- 
sponse, it  must  be  seriously  considered  as  a 
possible  mediator  of  the  acute  phase  re- 
sponse. In  this  study  we  determined  if  LEM 
could  simultaneously  increase  and  decrease 
the  synthesis  rates  of  these  different  proteins 
as  compared  to  plasma  flbrinogen,  which  is 
known  to  increase  (4). 


Materials  and  methods.  Animals,  Holtzman 
derived  rats  were  maintained  at  21^  with  12 
hr  of  light  and  12  hr  of  darkness.  They  were 
fed  Rockland  mouse  and  rat  diet  and  water 
ad  libitum.  Healthy  New  Zealand  white  rab- 
bits weighing  2-4  kg  were  used  for  LEM 
preparation. 

Preparation  of  LEM,  Crude  LEM  was  pre- 
pared from  rabbit  peritoneal  granulocytes  (9) 
and  partially  purified  by  the  butanol-metha- 
nol  method  of  Rafter  et  al,  (10).  It  was  then 
Altered  through  a  membrane  which  retained 
molecules  of  molecular  weight  >  100,000  dal- 
tons  (Amicon  XM-100)  and  stored  as  a  dry 
lyophiltzed  powder.  The  dose  of  LEM  inje- 
ted  is  expressed  in  terms  of  the  number  of 
leukocytes  from  which  it  was  derived  in  the 
original  preparation. 

Determination  of  hemopexin,  fibrinogen, 
transferrin,  and  liver  catalase.  Plasma  levels  of 
hemopexin  were  quantitated  by  radial  im- 
munodiffusion by  the  method  of  Mancini  et 
al.  (11).  The  monospeciflc  antisera  to  rat 
hemopexin  was  generously  donated  by  Dr. 
U.  MuUer-Eberhard,  Scripps  Clinic  and  Re- 
search Foundation,  La  JoUa,  CA.  Fibrinogen 
was  determined  on  citrated  plasma  by  the 
heat  turbidity  method  of  Wycoflf  (12).  Trans- 
ferrin was  estimated  from  the  total  iron  bind- 
ing capacity  of  the  plasma  as  determined  by 
the  method  of  Schade  et  al,  (13).  Liver  cata- 
lase was  measured  by  the  method  of  Bonni- 
chsen  et  al,  (14).  Statistical  analysis  was  done 
with  the  use  of  Student's  paired  t  test. 

Results,  The  effects  of  injecting  varying 
doses  of  LEM  on  hemopexin,  flbrinogen, 
transferrin,  and  liver  catalase  in  the  rat  are 
shown  in  Table  I.  The  concentration  of  hem- 
opexin and  flbrinogen  were  increased  at  the 
smallest  dose  tested,  and  further  increases 
were  observed  as  the  amount  of  injected  LEM 
was  increased.  Decreases  in  transferrin  and 
liver  catalase  occurred  only  at  the  highest 
dose  tested.  To  increase  the  activity,  we  did 
further  studies  on  these  two  proteins  using 
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TABLE  I.  Effect  of  LEM  Dose  on  Hemopexin,  Fibrinogen.  Transferrin,  and  Liver  Catalase* 


I 


Hemopexin  %  of  nor- 

Fibrinogen %  of  nor- 

Transferrin %  of 

Liver  caulase  %  of 

Dose  of  LEM* 

mal 

mal 

normal 

normal 

None 

100  ±5^^ 

100  ±  12*^ 

100  ±3*^ 

100  ±3' 

1  X  \(f 

129  ±  11* 

132  ±  5* 

— 

— 

1  X  10' 

152  ±  8*** 

142  ±  ?•• 

110  ±2* 

99±4 

1  X  \(f 

210  ±  12*** 

197  ±  II*** 

93  ±3 

104  ±3 

5x  10« 

— 

— 

85  ±  4** 

90  ±4* 

"  Measurements  of  transferrin  were  at  12  hr  after  LEM  injections;  the  other  proteins  were  determined  at  24  hr 
after  injection. 

'^  Number  of  rabbit  peritoneal  granulocytes  from  which  the  leukocytic  endogenous  mediator  (LEM)  was  derived. 
The  partially  purified  LEM  from  10^  granulocytes  had  a  protein  content  of  approximately  180  /ig. 
''  Mean  ±  SE  of  eight  rats. 

*  Significantly  different  from  normal  P  <  0.05. 

**  Significantly  different  from  normal  P  <  0.01. 

•••  Significantly  different  from  normal  P  <  0.001. 


crude  LEM  before  purification.  We  have  no 
explanation  for  the  apparent  increase  in 
transferrrin  after  injecting  a  low  dose  of 
LEM. 

The  plasma  levels  of  hemopexin  and  fi- 
brinogen at  various  times  after  LEM  injection 
are  shown  in  Table  IL  These  levels  were  both 
significantly  increased  at  8  hr  after  injection 
and  remained  elevated  for  at  least  24  hr. 

Transferrin  and  liver  catalase  levels  were 
also  affected  by  a  single  injection  of  crude 
LEM  (Table  III).  When  the  dose  of  LEM  was 
expressed  per  granulocyte,  the  crude  LEM 
was  more  active  because  of  the  substantial 
losses  in  activity  during  purification.  Plasma 
transferrin  levels  were  decreased  significantly 
at  12  hr  and  then  returned  to  normal  values 
24  hr  after  injection.  Liver  catalase  followed 
a  difTerent  time  course  in  that  it  continued  to 
decrease  significantly  throughout  the  24-hr 
period  after  injection. 

Further  decreases  in  the  level  of  both  trans- 
ferrin and  liver  catalase  could  be  demon- 
strated after  a  series  of  injections  of  crude 
LEM.  Injections  of  10**  LEM  were  made  ev- 
ery 8  hr,  and  animals  were  sacrificed  S  hr 
following  the  fmal  injection.  As  shown  in 
Table  IV,  transferrin  and  liver  catalase  were 
significantly  decreased  following  the  fourth 
injection  of  LEM. 

Discussion,  These  results  confirm  and  ex- 
tend earlier  reports  (1,  2,  4,  5)  suggesting  that 
injection  of  LEM  induces  many  of  the  "acute 
phase''  reactions  that  are  typical  of  inflam- 
mation or  infection.  It  should  be  noted  that 
the  hemopexin  and  fibrinogen  levels  are 
much  more  sensitive  to  LEM  injection  than 
are  the  levels  of  transferrin  and  liver  catalase. 


TABLE  II.  Hemopexin  and  Fibrinogen  Levels  in 

THE  Plasma  of  Rats  at  Varying  Times  after 

Injecting  LEM." 

Time  after  ip  in-    Hemopexin  %  of    Fibrinogen  %  of 
jection  (hr)  normal  normal 


0 

100  ±5* 

100  ±  12* 

4 

118  ±8* 

109  ±5 

8 

153  ±  9*** 

153  ±  lO** 

12 

160  ±6*** 

163  ±  6*** 

24 

210  ±12*** 

197  ±  11»« 

"  Each  rat  received  an  ip  injection  of  partially  purified 
LEM  prepared  from  10**  granulocytes  dissolved  in  1  ml 
of  saline. 

"  Mean  ±  SE  of  eight  rats. 
*  Significantly  different  from  normal,  P  <  0.05. 
**  Significantly  different  from  normal,  P  <  0.005. 
***  Significantly  different  from  normal  P  <  0.001. 


TABLE  III.  Transferrin  and  Liver  Catalase 

Levels  after  a  Single  Injection  of  5  x  10^ 

Crude  LEM." 


Hr  after  in- 

No. of  ani- 

Transferrin % 

Liver  catalase 

jection 

mals 

of  normal 

%  of  normal 

0 

12 

100  ±2* 

100  ±4* 

12 

10 

77  ±  P* 

89  ±3* 

18 

10 

84  ±3** 

80  ±4** 

24 

10 

95  ±3 

75  ±  4»» 

°  The  dose  of  LEM  is  expressed  as  the  number  of 
rabbit  peritoneal  granulocytes  from  which  the  LEM  was 
derived. 

*  Mean  ±  SE. 
*  Significantly  different  from  nomud,  P  <  0.05. 

**  Significantly  different  from  normal,  P  <  0.001. 

DifTerences  in  the  amount  of  LEM  required 
to  cause  other  changes  have  also  been  noted. 
However,  once  this  threshold  dose  of  LEM 
was  exceeded,  their  respective  log-dose  re- 
sponse curves  were  linear.  Slope  values  for 
LEM-induced  changes  in  fibrinogen  levels 
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E  IV.  Transferrin  and  Liver  Catalase 
^  AFTER  Multiple  Injections  of  Crude 
LEM. 


in- 

No.  ofani- 

Transferrin  % 

Liver  caulase 

s" 

of  normal 

%  of  normal 

24 

100  ±4* 

100  ±3 

10 

93  ±3 

103  ±3 

8 

70  ±5* 

55  ±4* 

10 

83  ±  6** 

40±3» 

10 

65  ±  !• 

49±5» 

I  8-hr  injection  contained  LEM  derived  from 

ilocytes. 

Q±SE. 

nificantly  different  from  normal,  P  <  0.001. 

nificantly  different  from  normal,  P  <  0.05. 

her  acute  phase  reactions  have  been 
^d(l). 

iously  it  has  been  reported  that  plasma 
gen  responds  more  quickly  to  injection 
A  than  to  injection  of  endotoxin  (4). 
irison  of  the  data  in  Table  III  with 
led  data  (IS)  reveals  that  transferrin 
spends  faster  to  LEM  injection  than  to 
xin  injection.  Not  only  is  the  greatest 
vident  at  an  earlier  time,  but  the  return 
mal  is  also  much  faster.  This  time 
is  compatible  with  the  suggestion  that 
nay  be  a  mediator  of  the  acute  phase 
se. 

liple  injections  of  LEM  appeared  to  be 
effective  than  a  single  large  dose.  It 
ikely  during  inflammation  or  infection 
nail  amounts  of  LEM  would  be  re- 
from  the  granulocytes  over  a  long 
of  time.  Thus  the  multiple  injections 
umed  to  more  nearly  approximate  the 
release  of  LEM. 

finding  that  LEM  injection  could  pro- 
evations  in  the  plasma  levels  of  hem- 
and  fibrinogen  and  at  the  same  time 
lepression  in  the  levels  of  transferrin 
r  catalase  indicates  it  has  a  specific 
n  in  the  acute  phase  reaction.  Previous 
Rations  with  an  in  vitro  liver  slice  sys- 
ve  indicated  that  LEM  does  not  act 
on  the  liver  to  produce  its  effect  on 
;en  synthesis  but  may  act  to  release  an 
diate  which  does  stimulate  in  vitro 
;en  synthesis  (4).  Further  studies  are 


needed  to  determine  if  the  same  chain  of 
events  is  responsible  for  changes  in  the  levels 
of  other  proteins. 

Summary.  Elevations  in  the  plasma  levels 
of  hemopexin  and  fibrinogen  were  found  fol- 
lowing injection  of  leukocytic  endogenous 
mediator  (LEM)  into  rats.  Liver  catalase  and 
plasma  transferrin  were  decreased  following 
injection  of  LEM.  Greater  amounts  of  LEM 
were  required  to  depress  liver  catalase  and 
plasma  transferrin  than  were  required  to  el- 
evate hemopexin  or  fibrinogen.  Multiple  in- 
jections of  LEM  at  8-hr  intervals  were  found 
to  be  more  effective  for  depression  of  liver 
catalase  and  plasma  transferrin  than  a  single 
large  dose  of  LEM. 
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To  investigate  the  mechanisms  by  which 
cigarette  smoking  afTects  atherosclerosis, 
chronic  obstructive  puhnonary  disease,  and 
fetal  development,  an  animal  model  is  re- 
quired that  meets  several  criteria.  Ideally,  the 
animal  model  should  simulate  human  ciga- 
rette smoking  in  pufT  frequency,  duration, 
and  volume  because  pufT  characteristics  af- 
fect smoke  composition.  The  animal  also 
should  inhale  through  the  mouth  because 
nasal  passages  modify  the  smoke.  The  expo- 
sure system  should  avoid  surgical  manipula- 
tion or  stressful  restraint  during  smoke  ex- 
posure because  these  procedures  may  afTect 
physiological  endpoints.  The  animal  also 
should  be  susceptible  to  diet-induced  athero- 
sclerosis, and  its  respiratory  and  reproductive 
systems  should  be  similar  to  those  of  man. 

Most  animal  models  in  current  use  for 
cigarette  smoke  inhalation  studies  do  not 
meet  all  of  these  criteria.  These  include  small 
rodents  exposed  to  cigarette  smoke  in  cham- 
bers (1),  rabbits  exposed  in  chambers  (2)  or 
through  face  masks  (3),  dogs  exposed  through 
tracheostomata  (4)  or  face  masks  (5),  chick- 
ens exposed  through  face  masks  (6),  and  non- 
human  primates  exposed  through  face  masks 
(7,  8).  Preliminary  experience  with  a  few 
baboons  (9)  and  the  reported  experiences  of 
other  investigators  in  training  nonhuman  pri- 
mates to  smoke  (10-13)  led  us  to  believe  we 
could  train  a  substantial  number  of  baboons 
to  smoke  and  could  control  their  smoking 
behavior.  The  present  report  describes  a  sys- 
tem which  has  accomplished  this  objective. 

Methods  and  materials.  Training  methods. 
Seven  baboons  (Papio  cynocephalus),  ranging 
from  1  to  4  years  in  age,  were  given  water 
from  a  handheld  water  bottle  until  they 
learned  to  suck  rather  than  to  lick  water. 
Then  a  Smoking  Inhalation  Response  Indi- 
cator and  Conditioner  (SIRIC)  (14),  a  device 
delivering  a  measured  water  reward  when  the 


animal's  pufT  exceeded  investigator-con- 
trolled criteria,  was  mounted  on  each  ani- 
mal's  cage.  Smoke  from  the  burning  cigarette 
passed  to  the  animal  through  a  6  cm  tube 
which  served  as  a  cigarette  holder  and  as  t 
mouthpiece.  To  teach  the  animal  to  suck  on 
the  cigarette  holder,  the  trainer  squirted  water 
through  the  cigarette  holder  of  the  SIRIC 
and  blocked  the  end  of  the  tube  with  his 
finger.  When  the  animal  sucked  water  from 
the  tube  with  a  negative  pressure  greater  than 
1.24  cm  H2O  for  a  minimum  of  0.2S  sec  t 
water  reward  was  delivered  through  a  sepa- 
rate drinking  tube. 

After  the  animal  had  learned  to  activate 
the  SIRIC  and  consume  the  water  reward, 
the  opening  was  left  blocked  with  an  un- 
lighted  cigarette  so  that  the  animal  could 
activate  the  device  at  will.  Within  25  days  all 
animals  learned  to  earn  their  entire  water 
ration  by  activating  the  SIRIC.  Then  lighted 
cigarettes  were  presented,  and  the  animals 
readily  learned  to  make  0.25  sec  pufTs  of 
cigarette  smoke  in  order  to  earn  their  water. 
An  attendant  then  presented  lighted  ciga- 
rettes at  regular  intervals  (10,  15,  20,  or  30 
minutes)  during  8  hr  per  day,  7  days  per 
week.  The  minimum  puff  duration  was  in- 
creased gradually  from  0.25  to  2.50  sec  over 
1-9  months  (mean,  121  days). 

Criterion  for  smoke  inhalation.  Carbon 
monoxide  (CO)  concentration  in  the  blood 
was  used  as  the  criterion  for  smoke  inhala- 
tion. CO  is  absorbed  only  slightly  in  the 
buccal  cavity,  but  is  readily  absorbed  in  the 
lungs  (15). 

Venous  blood  samples  were  drawn  under 
ketamine  (Ketaset,  Bristol  Laboratories,  Syr- 
acuse, NY  13201)  sedation  within  10-20  min 
after  the  animals  had  smoked  the  last  of  a 
series  of  cigarettes  over  a  3-hr  period.  The 
samples  were  analyzed  for  CO  by  the  method 
of  Ayres  et  al.  (16)  with  a  modified  extraction 
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iber;  CO  is  extracted  from  whole  blood 
then  measured  by  gas  chromatography 
;  a  thermal  conductivity  detector. 
;  the  criterion  for  smoking,  we  selected  a 
entration  of  CO  in  blood  of  0.30  ml/dl, 
;  times  the  mean  (0.10  ml/dl)  and  twice 
naximum  (O.IS  ml/dl)  of  the  values  ob- 
;d  in  the  seven  animals  prior  to  cigarette 
le  exposure  (range  0.05-0.15  ml/dl).  We 
lated  the  maximum  amount  of  CO  that 
>on  blood  can  carry  by  saturating  12 
i  samples  from  smoking  and  nonsmok- 
mimals  with  CO  and  measuring  the  CO 
entrations.  The  four  samples  with  the 
est  concentrations  averaged  14.68  ml 
dl. 

zperimental  cigarettes.  We  conducted 
of  the  training  using  University  of  Ken- 
yr  Reference  (UKR)  cigarettes  (17,  18); 
also  were  conducted  with  Code  5  and 
;  14  experimental  cigarettes  (Series  1)  of 
Imoking  and  Health  Program  of  the  Na- 
il Cancer  Institute  (19).  Selected  charac- 
ics  of  these  cigarettes  are  given  in  Table 

*sults.  Training.  The  average  time  re- 
Ki  to  train  the  seven  baboons  to  smoke 


LE  I.  Selected  Characteristics  of  Smoke 

RODUCED  BY  EXPERIMENTAL  CIGARETTES. 


Cigarette  type 


Characteristics 


UKR     Code  5    Code  14 


particulate    matter     38.5         28.7 


ae  (mg) 


35.8 
2.63 
17.6 
10.9 


24.2 
1.65 
14.5 
10.2 


14.1 

11.3 

0.20 
11.9 

5.9 


umber  of  puffs  required  to  produce  a  butt  of  23 
ider  standard  smoking  machine  conditions  (16)  of 
3ufrs  of  2  sec  duration  at  a  rate  of  one  per  minute. 


cigarettes  was  96  days  (Table  II);  the  mini- 
mum was  32  days  and  the  maximum,  178 
days.  These  durations  were  measured  from 
the  first  day  a  trainer  worked  with  the  animal 
to  the  first  day  on  which  the  blood  CO  con- 
centration equaled  or  exceeded  0.30  ml/dl. 
Figure  1  illustrates  acquisition  of  the  cigarette 
smoking  response  and  inhalation  of  smoke  as 
measured  by  mean  blood  CO  concentration. 
CO  levels  in  week  8  were  significantly  higher 
than  in  week  2,  and  were  significantly  higher 
in  week  14  than  in  week  8. 

Maintenance  of  smoking  behavior.  Once  the 
animals  were  trained  to  smoke  cigarettes  for 
water  rewards,  no  difficulty  was  encountered 
in  maintaining  or  controlling  the  smoking 
behavior.  Two  animals  performed  without 
interruption  for  well  over  a  year,  earning  all 
of  their  water  by  smoking  cigarettes.  The 
animals  remained  in  good  health  throughout 
the  period  of  training  and  testing  of  the  sys- 
tem and  gained  weight  at  a  rate  normal  for 
animals  of  their  age.  Hematocrits  measured 
weekly  for  1  month  were  within  the  normal 
range  and  showed  no  unusual  fluctuations. 
No  significant  correlations  were  observed  be- 
tween hematocrit  and  total  water  delivered 
per  day  or  ml  water  delivered  per  kg  body 
weight. 

In  the  six  smoking  animals  examined 
weekly  for  4  months,  the  average  COHb  was 
5.9%  (0.89  ml  CO/dl);  the  maximum  mean 
value  was  16.0%  COHb  (2.40  ml/dl). 

Variables  affecting  smoking  behavior.  After 
smoking  behavior  was  established  for  six  an- 
imals, various  combinations  of  cigarettes, 
pufT  duration  settings,  cigarette  frequency, 
ratio  of  reinforcement,  and  amount  of  water 
reward  were  tested  for  their  effects  on  smok- 
ing behavior.  The  animals  readily  accepted 
Code  S  and  Code  14  cigarettes.  Puff  duration 


8LE  II.  Age,  Sex,  Days  to  Criterion,  and  Months  Smoking  Behavior  Maintained  for  Seven 

Baboons. 


;boon  number 


Ape  at  start  of 
training,  months 


Sex 


Days  to  criterion 


Months  smoking 
maintained 


B-734 

32 

Male 

94 

15 

B-756 

30 

Male 

134 

14 

B-941 

9 

Female 

94 

0.5- 

B-944 

9 

Female 

101 

8 

B-720 

43 

Male 

178 

2 

B-778 

40 

Male 

32 

5 

B-966 

21 

Male 

40 

3 

limal  died  of  unexplained  causes. 
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required  for  a  reward  was  advanced  to  as 
long  as  3.0  sec. 

Since  the  animals'  primary  incentive  for 
smoking  was  the  water  reward,  it  was  possible 
to  control  the  number  of  pufTs  per  day  by 
adjusting  the  reinforcement  contingency.  For 
example,  when  the  water  reward  per  criterion 
pufT  was  changed  from  1.00  ml  to  0.75  ml,  a 
25%  reduction,  the  animals*  mean  number  of 
puffs  per  day  rose  from  467  (SEM  =  53)  to 
570  (SEM  =  52),  an  increase  of  22%.  The 
mean  water  earned  per  day  remained  essen- 
tially constant,  decreasing  from  432  ml  (SEM 
=  42)  to  417  ml  (SEM  =  48),  and  puff  dura- 
tion requirements  remained  constant  over  the 
two  test  weeks.  Other  manipulations  of  basic 
operating  conditions  produced  equally  or- 
derly changes  in  the  animals*  smoking  behav- 
ior. 

Variables  affecting  blood  CO  concentration. 
Although  we  did  not  perform  controlled  ex- 
periments to  isolate  the  effects  of  single,  in- 
vestigator-controlled variables  on  blood  CO 
during  the  feasibility  testing  period,  it  ap- 
peared that  this  measure  of  inhalation  was 
affected  by  type  of  cigarette  smoked  as  well 


2         4         6         8         10 
WEEKS  OF  TRAINING 

Fig.  1.  Mean  and  95%  confidence  intervals  of  con- 
centration of  carbon  monoxide  in  blood  of  six  baboons 
by  week  of  training. 


as  by  other  variables  controlled  by  the 
tigator  (Table  III).  There  was  a  th 
difference  between  blood  CO  concen 
in  the  five  animals  while  smoking  C 
cigarettes  as  compared  to  the  blood  C( 
smoking  UKR  cigarettes.  To  make  an 
alent  number  of  puffs  per  3  hr  for  ea< 
it  was  necessary  to  present  more  C 
cigarettes  because  they  are  loosely 
and  bum  rapidly. 

Use  of  model  in  controlled  experimei 
feasibility,  demonstrated  here,  of  us 
baboon  as  a  model  to  study  the  efl 
cigarette  smoke  inhalation  was  furth 
Armed  when,  subsequent  to  the  d 
mental  work,  we  trained  an  additii 
baboons  to  smoke  with  the  SIRIC  i 
countered  no  training  failures.  We  al 
extended  the  total  daily  smoking  exp< 
12  hr  and  48  cigarettes  per  day  ^ 
difficulty.  One  attendant  can  estabL 
maintain  smoking  behavior  in  approx 
20  baboons.  Control  animals  can  be  su 
to  identical  training  and  maintenana 
dures  by  using  a  filter  with  the  appn 
draw  resistance  of  a  cigarette  as  a  sha 

Discussion.  Comparison  of  human  < 
boon  smokers.  Studies  of  human  s 
have  shown  mean  COHb  saturation  vj 
4.4%  (20);  4.7%  (21);  and  6.7%  (22).  C 
of  human  smokers  had  COHb  sat 
equal  to  or  greater  than  14%  saturatioi 
blood  CO  levels  of  5.9%  COHb  arc  sii 
those  shown  by  human  smokers  and 
maintained  for  long  periods  in  the  c 
smoking  baboon. 

Moody  and  associates  (27)  found  \ 
human  cigarette  smoker  made,  on  tl 
age,  9.5  puffs  per  cigarette  on  21.6  cij 
per  day,  giving  an  average  "dose** 
puffs  of  cigarette  smoke  per  day.  O 
final  17  week  period  of  this  study  th 


TABLE  III.  Cigarettes  Presented,  Puff  Duration,  Number  of  Puffs,  and  Blood  Carbon  M< 
Concentration  in  Five  Baboons  after  3  hr  of  Smoking  Two  Types  of  Cigarettes,  Mea> 
Measurements  1  Day  per  Week  for  5  Weeks. 


Type 

of  cigarette 

df 

UKR 

Code  14 

Variable 

Mean 

SEM 

Mean 

SEM 

/ 

Cigarettes  presented,  number 
Minimum  puff  duration,  sec 
Puffs,  number/3  hr 
Carbon  monoxide  in  blood,  ml/dl 

8.7 
1.66 
238.0 
0.48 

0.34 
0.28 
44.2 
0.06 

23.3 
2.18 
260.0 
1.50 

0.32 
0.26 
37.5 
0.27 

4 
4 
4 

3.90 
1.60 
4.75 
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iveraged  535  puffs  per  day.  The  mean 
iration  for  humans  (27)  was  2.3  sec; 
>oons'  average  puff  duration  was  2.0 
e  system  described  here  allows  con- 
simulation  of  the  general  features  of 
cigarette  smoke  exposure  with  the 
Furthermore,  because  cigarette 
appears  to  lack  strong  appetitive  or 
5  properties  in  the  baboon,  the  inves- 
can  control  any  specified  degree  of 
e  smoke  inhalation  by  manipulating 
riate  variables. 
rence  in  blood  CO  between  cigarettes, 

>  yield  from  UKR  cigarettes  on  stan- 
loking  machines  is  1.5  times  that  from 
4  cigarettes  (23).  CO  yields  of  com- 

cigarettes  vary  by  factors  of  two  to 
1-26),  but  CO  levels  in  smokers  vary 
rably  more,  probably  because  of  dif- 
s  in  puffing  characteristics  such  as  puff 

and  duration  (25). 

\  14  cigarettes  have  a  lower  draw  re- 
;  than  UKR  cigarettes  (5.05  cm  H2O 
e  drop  vs  7.07).  Therefore,  for  the 
\  to  achieve  negative  pressure  suffi- 

>  activate  the  SIRIC,  they  had  to  gen- 
larger  pufT  volume.  In  addition,  the 

mean  puff  duration  requirement  when 
tnals  were  smoking  Code  14  cigarettes 
c  vs  1.66  sec)  also  contributed  to  larger 
)lume  and  deeper  inhalation.  CO  is 
t  to  be  responsible  for  some  of  the 
ious  effects  of  cigarette  smoking.  The 
es  affecting  CO  absorption  can  be 
vith  this  system,  since  the  investigator 
itrol  each  of  the  conditions  affecting 
characteristics. 

ilness  of  the  baboon  smoking  model. 
boon  is  suitable  for  the  investigation 
-ette  smoking  effects  on  experimental 
clerosis  (28,  29)  and  reproductive 
ogy  (30).  Its  large  size  facilitates  per- 
;  tests  of  pulmonary  function.  The 
ed  instrumentation  and  operant  tech- 
permit  controlled  experiments  on  the 
3f  cigarette  smoke  inhalation  with  ad- 
numbers  of  subjects.  Since  we  have 
tered  no  training  failures,  it  is  possible 
n  animals  randomly  to  cigarettes  or  to 
Investigator  control  of  smoking  per- 
ce  reduces  potential  confounding  by 
labituation  or  avoidance  by  the  ani- 
tie  short  smoke  delivery  path  mini- 


mizes changes  in  smoke  composition  due 
either  to  removal  of  smoke  components  or  to 
particle  agglomeration.  The  demonstration  of 
elevated  blood  CO  concentrations  confirms 
delivery  of  cigarette  smoke  to  the  lower  res- 
piratory tract. 

Summary,  Using  operant  conditioning 
techniques  and  a  specially  designed  appara- 
tus, and  without  surgiod  manipulation  or 
obvious  stress,  we  trained  seven  baboons  to 
puff  on  lighted  cigarettes  and  to  inhale  ciga- 
rette smoke.  Smoking  behavior  was  main- 
tained for  up  to  15  months  and  could  be 
controlled  by  manipulating  minimum  puff 
duration,  water  reward,  and  frequency  of  pre- 
senting cigarettes.  Concentrations  of  blood 
carbon  monoxide  after  3  hr  of  smoking 
equaled  or  exceeded  those  reported  for  heavy 
human  cigarette  smokers.  The  cigarette 
smoking  baboon  models  human  smoking  per- 
formance and  is  a  useful  animal  model  for 
studying  the  mechanism  of  the  effects  of  cig- 
arette smoke  inhalation  on  the  cardiovascu- 
lar, pulmonary,  and  reproductive  systems. 
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Prostaglandins  (PGs)  are  largely  inacti- 
vated upon  a  single  passage  through  the  pul- 
monary circulation  (1).  Movement  of  PGs 
into  the  cell  is  required  for  metabolism  of 
these  compounds  (2,  3).  Several  investigators 
(4-7)  have  presented  evidence  supporting  the 
concept  of  carrier  mediated  transport  of  PGs 
into  various  tissues  including  lung.  For  ex- 
ample, Bito  and  Baroody  (5)  demonstrated 
that  PGF2a  uptake  and  metabolism  by  the 
perfused  rat  lung  could  be  largely  blocked 
with  the  organic  acid  transport  inhibitors  pro- 
benecid and  bromcresol  green  (GBr).  Bakhle 
et  al.  (8)  made  similar  observations  with 
PGE2  in  the  presence  of  BGr  or  thymol  blue 
(0.01  mA/).  However,  no  studies  have  been 
made  of  the  consequence  of  such  inhibition 
by  organic  acid  transport  inhibitors  on  the 
hemodynamic  actions  of  these  PGs.  Using 
the  isolated  perfused  canine  lung  lobe,  we 
have  explored  the  possibility  that  probenecid 
and  bromcresol  green  could  modify  the  pre- 
viously demonstrated  pulmonary  pressor  ac- 
tivity of  the  bisenoic  PG  precursor  arachi- 
donic  acid  (AA)  (9),  a  synthetic  PG  endo- 
peroxide  analogue  (10,  11),  and  PGF2a  (12). 
Norepinephrine  was  used  to  test  the  reactivity 
of  the  preparation  and  also  to  ascertain 
whether  probenecid  or  BGr  inhibited  the  pul- 
monary pressor  response  to  this  catechola- 
mine. 

Materials  and  methods.  Mongrel  dogs 
(11-18  kg)  of  either  sex  and  unknown  age 
were  anesthetized  with  sodium  pentobarbital 
(30  mg/kg  iv).  The  left  lower  lobe  of  the  lung 
was  perfused  as  described  previously  (9).  Au- 
tologous citrated  blood  was  pumped  at  con- 
stant flow  rate  into  the  cannulat^  lobar  ar- 
tery and  was  collected  from  the  lobar  vein 
into  a  reservoir  to  be  recycled.  The  lung  was 
ventilated  with  ambient  air. 


^  This  research  was  supported  by  National  Institutes 
of  Health  grants  HL-17516  and  HL-ISTIS. 


The  sodium  salt  of  arachidonic  acid  (5,8,- 
11,14-eicosatetraenoic,  99%  pure;  NuChek 
Prep.  Inc.,  Elysian,  MN)  was  prepared  daily 
by  dissolving  in  sodium  carbonate  (100  mA/) 
with  constant  stirring  under  nitrogen  in  the 
absence  of  light.  The  resulting  solution  (10 
mg/ml)  was  used  only  if  clear.  The  endo- 
peroxide  analogue  used  in  this  study  was 
obtained  from  The  Upjohn  Co.,  (Kalamazoo, 
MI):  (15s)-hydroxy-lla,  9a  epoxymethano 
prosta  5Z,  13E-dienoic  acid,  (abbreviated 
11-9  EM)  was  prepared  daily  by  diluting 
stock  solution  with  saline  to  a  final  concen- 
tration of  20  /ig/ml.  The  tromethamine  salt 
of  PGF2a  (The  Upjohn  Co.)  was  prepared  in 
saline  (100  /ig/ml)  from  stock  ethanol  solu- 
tions. Norepinephrine  (NE;  Levophed-Win- 
throp  Laboratories,  New  York,  N.Y.)  was 
diluted  in  saline  (100  /ig/ml)  just  prior  to  use. 
Probenecid  (Merck,  Sharp  and  Dohme 
Laboratories,  Rahway,  NJ)  was  prepared  by 
dissolving  in  NaOH  (2  N).  The  pH  was  ad- 
justed to  7.4  with  monopotassium  phosphate 
buffer  to  a  final  concentration  of  10  mg/ml. 
Bromcresol  green  (Fisher  Scientific,  Spring- 
field, NJ)  was  prepared  similarly  except  that 
it  was  dissolved  in  NaOH  (1  N)  and  the  final 
concentration  was  1  mg/ml.  Indomethacin 
(Merck,  Sharp  and  Dohme)  was  dissolved  in 
an  aqueous  sodium  carbonate  solution  to  a 
final  concentration  of  100  mg/ml. 

Pressor  agents  were  administered  as  bolus 
injections  directly  into  the  inflow  cannula  just 
proximal  to  the  point  of  its  insertion  in  the 
lobar  artery.  Responses  to  these  substances 
were  recorded  for  the  following  doses 
Oiig/kg):  AA,  100;  11-9  EM  analogue,  0.5; 
PGFjZo,  1;  and  NE,  1.  The  inhibitors  were 
added  directly  to  the  reservoir  and  were  cir- 
culated through  the  isolated  lobe  to  allow 
equilibration  before  being  challenged  with 
the  pressor  agents.  The  final  concentrations 
(/ig/ml)  of  the  inhibitors  used  in  these  exper- 
iments were  as  follows:  indomethacin,  100; 
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probenecid,  425  and  850,  and  BGr,  6,  12  and 
24.  The  pressor  agents,  with  the  exception  of 
11-9  EM,  were  administered  in  the  presence 
of  each  inhibitor  at  the  concentrations  indi- 
cated. The  order  of  administration  of  these 
agents  was  randomized  for  each  concentra- 
tion of  inhibitor.  The  1 1-9  EM  was  given  only 
in  the  presence  of  the  highest  concentration 
of  each  inhibitor.  Vascular  responses  to  the 
pressor  substances  were  reported  as  mean 
percentage  changes  from  control  perfusion 
pressure  ±  SEM.  Results  were  analyzed  with 
Students*  /  test,  and  differences  were  consid- 
ered significant  if  P  <  0.05. 

Results,  Administration  of  each  inhibitor 
resulted  in  a  transient  0-2  mm  Hg  drop  in 
baseline  perfusion  pressure  which  returned  to 
control  before  pressor  agents  were  injected. 
The  results  of  experiments  conducted  with 
probenecid  are  summarized  in  Fig.  lA.  The 
mean  control  pulmonary  pressor  response  to 
AA  of  66  ±  9%  was  reduced  significantly  to 
33  ±  8%  by  probenecid  (425  /ig/nJ)-  The 
response  to  AA  was  not  attenuated  further  by 
hi^er  concentrations  of  probenecid.  Like 
AA,  the  pulmonary  pressor  response  to 
PGF2a  was  diminished  significantly  from  45 
±  9%  to  20  ±  10%  by  probenecid  (425  /ig/ml). 
The  PGF20  pressor  response  was  almost  com- 
pletely inhibited  by  higher  concentrations  of 


probenecid  (850  ikg/mH),  The  mean  control 
pulmonary  pressor  response  to  11-9  EM  oi 
156  ±  24%  was  not  inhibited  significant^ 
(125  ±  41%)  by  probenecid  up  to  850jiig/ml 
In  six  animals,  the  mean  control  pulmonai] 
pressor  response  to  NE  was  36  ±  4%.  Thi 
response  was  reduced  significantly  by  pro 
benecid  at  only  the  higher  dose  (850  /ig/mlj 

The  effects  of  BGr  as  an  inhibitor  of  th 
pulmonary  pressor  activity  of  these  four  com 
pounds  are  summarized  in  Fig.  IB.  In  con 
trast  to  probenecid,  the  response  to  AA  wu 
not  reduced  significantly  (66  ±  9%  vs.  57  i 
1 1%)  by  BGr  (24  /ig/ml).  In  five  experiments 
the  mean  response  to  11-9  EM  (164  ±  26%) 
was  not  inhibited  significantly  by  BGr  (24 
/ig/ml). 

The  response  to  PGFz^  was  diminished 
significantly  from  a  mean  of  57  ±  7%  to  a 
mean  of  31  ±  9%  by  BGr  (6  Mg/ml).  This 
inhibitory  action  was  not  augmented  a(^>r^ 
ciably  by  higher  concentrations  of  BGr.  At  a 
12  j|ig/ml  of  BGr,  the  pressor  response  to 
PGF2a  was  29  ±  7%  and  was  virtually  un- 
changed at  24  /ig/ml  of  BGr. 

The  pulmonary  pressor  response  to  NE 
was  not  reduced  sig|nificantly  by  BGr  at  the 
highest  concentration  used.  As  anticipated, 
indomethacin  blocked  the  pulmonary  pressoi 
response  to  AA  in  every  instance  (n  »  S).  It 
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Fig.  1.  The  pulmonary  vasopressor  responses  to  arachidonic  add  (AA),  the  PG  endoperoxide  analogue  (11-9 
EM),  PGFia,  and  norepinephrine  (NE)  in  the  absence  and  presence  of  probenecid  (Fig.  lA)  and  bromcresd  gfeen 
(Fig.  IB).  Each  inhibitor  alone  did  not  change  the  baseline  perfusion  pressure  (14-15  mm  Hg).  The  dose  of  eack 
pressor  agent  is  shown  to  the  right  of  the  second  panel  and  the  concentration  of  the  inhibitor  is  shown  below  eack 
bar.  The  SEM  is  illustrated  on  each  bar  and  the  number  of  observations  (n)  is  indicated  below  each  group  of  biiv 
The  asterisks  indicate  a  significant  difference  {P<  0.05)  from  each  control  pressor  response. 
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ed  a  slight  (20%),  though  not  significant 

incement  of  the  11-9  EM  pressor  action 

3).  The  responses  to  PGF2a  and  NE  (n 

each)  were  not  altered  after  indometha- 

Iscussion,  The  pulmonary  pressor  effects 
lA  and  PGF2a  were  inhibited  by  pro- 
!cid,  a  clinically  useftil  organic  acid  trans- 
inhibitor.  At  the  highest  concentration, 
enecid  inhibited  the  action  of  NE,  but 
not  reduce  the  pulmonary  pressor  re- 
setothe  11-9  EM. 

le  pulmonary  pressor  effect  of  AA  is  due 
isoactive  products  formed  from  AA  since 
[)locked  by  PG  synthetase  inhibitors  such 
pirin  (9).  The  vasoactive  products  of  AA 
ide  endoperoxides,  PGs  (13),  and  throm- 
ines  (14).  Probenecid  has  no  PG  synthe- 
inhibitory  properties  (15),  therefore  the 
gonism  of  AA  action  by  probenecid  is 
to  a  mechanism  other  than  PG  synthetase 
)ition.  One  possible  mechanism  is  the 
)ition  of  uptake  of  AA  into  the  cell, 
enting  the  conversion  of  AA  into  active 
ucts.  Probenecid  is  a  competitive  organic 
transport  inhibitor  in  the  kidney,  and 
been  described  as  a  PG  transport  inhibi- 
a  the  rat  lung  (S),  chicken  and  rat  kidney 
S)  and  other  tissues  (4).  A  second  possible 
lanism  is  that  probenecid  may  interfere 
the  release  of  vasoactive  products  of  AA 
I  the  cells.  Hamberg  and  others  (13)  have 
m  that  a  large  fraction  of  the  products 
led  in  the  lung  following  injection  of  AA 
eleased  into  the  circulation,  whereupon 
may  act  at  downstream  sites.  A  third 
ible  mechanism,  that  probenecid  may  act 
:tly  as  a  competitive  inhibitor  of  the  pul- 
ary  pressor  products  formed  from  AA, 
explored  by  examining  the  effects  of 
enecid  on  responses  to  the  endoperoxide 
ague  and  PGF2a. 

le  naturally  occurring  endoperoxides 
J2  and  PGH2  are  unstable  and  are  not 
rally  available  in  sufficient  quantities  for 
:  in  dogs.  The  stable  endoperoxide  ana- 
e  11-9  EM  (17)  has  been  found  to  share 
t  pulmonary  vasoconstrictor  and  airway 
^nses  with  the  natural  endoperoxides. 
J2  and  PGH2  constrict  feline  pulmonary 
y  and  increase  airway  resistance  in  the 
ea  pig  (18);  the  PGH2  analogue  increases 
lonary  artery  pressure  (10)  and  airway 


resistance  (19)  in  the  dog.  Probenecid  did  not 
inhibit  the  action  of  the  11-9  EM,  indicating 
that  the  analogue  has  access  to  its  site  of 
action. 

The  pulmonary  pressor  response  to  PGF2« 
was  blocked  in  a  dose  related  manner  by 
probenecid.  Since  most  evidence  from  recep- 
tor binding  studies  point  to  the  cell  membrane 
as  the  site  of  action  of  PGF2a,  uptake  into  the 
cell  may  not  be  necessary  for  PGF2a  action. 
Therefore,  probenecid  may  inhibit  PGF2«  ac- 
tion at  the  cell  membrane,  but  the  present 
data  are  not  sufficient  to  determine  whether 
this  inhibition  is  competitive. 

Since  Bito  and  Baroody  (5)  reported  that 
probenecid  inhibits  the  PG  catabolizing  en- 
zyme IS-hydroxy  PG  dehydrogenase  in  the 
rat  lung,  an  enhancement  of  PGF2«  action  in 
the  dog  lung  was  expected.  Instead,  an  inhi- 
bition of  its  pressor  action  was  observed.  It  is 
very  unlikely  that  the  dehydrogenase  activity 
is  enhanced  by  probenecid  in  the  dog  lung, 
therefore  the  inhibition  of  PGF2a  action  by 
probenecid  is  independent  of  the  PG  cata- 
bolizing enzymes. 

Thus,  the  mechanism  by  which  probenecid 
inhibits  the  effect  of  AA  in  the  lung  remains 
unclear.  Although  PGF2a  action  is  blocked, 
this  explains  only  part  of  the  inhibition  since 
Hamberg  et  al,  (13)  reported  that  PGF2a  com- 
promises only  a  small  fraction  (<6%)  of  the 
products  of  exogenous  AA  released  from  the 
perfused  guinea  pig  lung.  Other  enzymes  or 
vasoactive  products  of  the  AA  metabolic 
pathway  may  be  affected  by  probenecid. 

The  pulmonary  pressor  response  to  NE 
was  inhibited  sigmficantly  only  at  the  highest 
concentration  of  probenecid.  This  observa- 
tion demonstrates  that  the  pulmonary  vas- 
culature was  still  reactive  to  a  catecholamine 
at  probenecid  levels  that  inhibited  AA  and 
PGF2„. 

BGr  inhibited  only  the  pulmonary  pressor 
response  to  PGF2a.  This  indicator  dye 
achieved  approximately  50%  inhibition  at 
only  6  /ig/ml.  At  comparable  concentration 
of  BGr,  Bito  and  Baroody  (5)  found  a  95.7% 
inhibition  of  PGF2a  uptake  in  the  perfused 
rat  lung.  Perhaps  BGr  at  this  concentration 
of  6  /ig/ml  is  interfering  maximally  with  the 
response  to  PGF2a,  although  not  causing 
complete  inhibition.  Since  nearly  complete 
inhibition  of  PGF2a  can  be  achieved  with 
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probenecid  and  not  with  BGr,  and  AA  is 
inhibited  by  probenecid  and  not  by  BGr, 
these  substances  may  act  in  different  manners 
that  are  unrelated. 

Summary,  Probenecid  and  bromcresol 
green  (BGr),  reported  to  be  PG  transport 
inhibitors,  were  tested  for  their  efTectiveness 
in  modifying  the  vasopressor  responses  of 
arachidonic  acid  (AA),  an  endoperoxide  an- 
alogue, PGF2a  and  norepinephrine  in  the  iso- 
late perfused  canine  lung  lobe.  Only  the 
pulmonary  pressor  action  of  AA  was  blocked 
by  pretreatment  with  indomethacin.  Pro- 
benecid attenuated  AA  responses  and 
blocked  those  of  PGFza  in  a  dose-related 
manner.  BGr  had  no  antagonistic  activity 
against  AA  and  inhibited  PGFza  action  by 
50%.  Probenecid  and  BGr  appear  to  inhibit 
PGFaa  differently.  Neither  blocked  the  pres- 
sor action  of  the  endoperoxide  analogue,  and 
neither  attenuated  the  norepinephrine  pressor 
action  at  PG  inhibiting  concentrations.  The 
use  of  organic  acid  transport  inhibitors  rep- 
resents a  potentially  useful  approach  in  study- 
ing the  mechanisms  of  action  of  AA  and  its 
metabolic  products. 

We  thank  Ms.  T.  Maish  and  Mr.  J.  Hernandez  for 
their  excellent  technical  assistance. 
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The  mechanism  by  which  carbon  monox- 
ide (CO)  affects  the  mammalian  organism 
was  first  described  by  Haldane  (1)  and  has 
since  been  confirm^  by  numerous  other 
workers  (2,  3).  Briefly,  CO  binds  with  blood 
hemoglobin  to  form  carboxyhemoglobin. 
This  causes  a  functional  anemia  by  decreas- 
ing the  amount  of  hemoglobin  available  for 
oxygen  transport  and  by  causing  the  oxyhem- 
oglobin dissociation  curve  to  shift  to  the  left. 
If  the  tissue  hypoxia  is  severe  enough,  the 
resultant  of  these  two  effects  can  lead  to  a 
fatal  event. 

There  are,  however,  several  reports  in  the 
literature  suggesting  that  CO  might  have  a 
direct  effect  on  functioning  tissue  in  addition 
to  its  hemoglobin-mediated  effects  (4-7).  The 
following  experiments  were  undertaken  to 
study  the  effects  of  CO  on  the  isolated,  rat 
right  ventricle  preparation  contracting  in  a 
hemoglobin-free  medium. 

Methods.  Male,  white  rats  weighing  312  ± 
14  g  were  guillotined  and  the  hearts  excised 
rapidly.  The  right  ventricle  was  dissected 
away  and  split  into  two  pieces.  One  strip  was 
mounted  on  an  electrode-bearing  block,  at- 
tached to  a  strain  gauge  transducer  and  im- 
mersed in  an  oxygenated  Krebs-Ringer  so- 
lution as  previously  described  (8).  The  prep- 
aration was  stimulated  at  a  rate  of  60  per  min 
and  resting  and  developed  tensions  were  re- 
corded. At  the  end  of  one  hour  the  aerating 
gas  mixture  of  95%  02-5%  CO2  was  changed 
to  either  95%  N2-5%  CO2  (N2-stress)  or  95% 
CO-5%  CO2  (CO-stress).  After  10  min  of  the 
stress  gas,  oxygen  was  again  bubbled  through 
the  medium  and  the  contracting  muscle  was 
allowed  to  recover  for  10  min  in  95%  02-5% 
CO2  (normoxia)  or  70%  02-25%  CO-5%  CO2 
(CO-hypoxia). 

The  time  in  minutes  required  for  the  con- 
tracting muscle  to  decline  to  one  half  of  its 
preanoxic  amplitude  during  the  N2  or  CO- 
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Stress  was  determined  and  expressed  as  Tso. 
The  change  in  resting  tension  in  grams  at  the 
end  of  5  min  of  stress  was  expressed  as  ATs". 
The  extent  of  recovery  after  10  minutes  of 
normoxia  or  CO-hypoxia  was  determined  by 
comparing  the  ratio  of  the  recovery  ampli- 
tude to  the  pre-anoxic  amplitude  and  express- 
ing the  results  as  percent  recovery  (%R)  ac- 
cording to  the  following  formula  (9). 

%R  =  Recovery  amplitude/ 

Preanoxic  amplitude  x  100 

The  Student  /  test  was  used  to  test  the 
significance  of  differences  between  means 
(10).  Tissue  electrolytes  were  also  determined 
on  nitric  acid  digests  by  atomic  absorption 
spectrophotometry  according  to  the  method 
of  McGrath  and  BuUard  (8).  Briefly,  one 
portion  of  the  right  ventricle  was  prepared 
for  analysis  immediately  while  the  second 
portion  was  prepared  after  recovery  from  the 
N2-  or  CO-stress.  The  tissues  were  dried  over- 
night in  an  oven  at  lOO"",  digested  with  nitric 
acid  and  analyzed  for  sodium  and  potassium. 
The  results  were  expressed  as  percent  increase 
or  decrease  from  control  values. 

Results.  Developed  tension  decreased  and 
resting  tension  increased  in  the  isolated  right 
ventricles  during  either  N2-  or  CO-stress.  The 
time  required  for  the  developed  tension  to 
decrease  to  one  half  of  its  pre-stress  value 
(T50)  was  2.5  minutes  in  N2  and  2.3  min  in 
CO  (Table  I).  The  difference  between  these 
values  is  not  significant.  The  change  in  resting 
tension  (AT)  at  the  end  of  5  minutes  of  stress 
was  1.0  g  in  nitrogen  and  0.9  g  in  CO.  The 
difference  between  these  values  is  not  signif- 
icant. 

The  percent  recovery  (%R)  after  10  min  of 
normoxia  was  43.5  %  in  nitrogen  and  63.0% 
in  CO  (Table  II).  Recovery  was  significantly 
greater  in  the  CO-stressed  muscles.  Percent 
recovery  was  reduced  when  the  N2-stressed 
or  the  CO-stressed  muscles  were  allowed  to 
recover  in  CO-hypoxia.  Under  these  condi- 
tions recovery  was  reduced  to  31.6%  and 
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36.9%  in  the  N2  and  CO-strcsscd  muscles, 
respectively.  The  difference  between  these 
values  is  no  longer  significant. 

After  the  N2-  and  CO-stressed  muscles  had 
recovered  in  oxygen,  the  electrolyte  content 
was  detennined  and  compared  to  pre-stress 
levels.  With  both  gas  stresses,  sodium  levels 
were  increased  and  potassium  levels  were 
decreased  at  the  end  of  the  recovery  period 
(Table  III).  Similar  electrolyte  changes  were 
noted  in  the  N2-  and  CO-stressed  muscles 
that  recovered  with  CO  present  in  the  recov- 
ery mixture. 

Discussion.  We  have  demonstrated  a  direct 
effect  of  carbon  monoxide  on  functioning 
heart  muscle.  The  effect  of  CO  on  heart 
muscle  was  similar  in  some  ways  to  that  of 
nitrogen  in  that  it  caused  a  reduction  in  de- 


TABLE  I.  Time  to  50%  Contraction  Amplitude 

(Tso)  AND  Change  in  Resting  Tension  at  5  Min 

(ATs')  During  (A)  Nitrogen  or  (B)  Carbon 

Monoxide-Induced  Anoxia. 


Treatment 


n        Tso  (min)     ATs'  (+g) 


A95%N2-5%C02  (12) 

B95%CO-5%C02  (12) 


2.5 
±.2 
2.3- 
±.2 


+  1.0 
±.l 
+.9» 
±.2 


°  »  N.S.  Values  are  means  ±  SE.  Student  /  test  used 
to  test  significance. 

TABLE  II.  Percent  Recovery  (%R)  in  Oxygen 

OR  CO-Hypoxia  after  (A)  Nitrogen  or  (B) 

Carbon  Monoxide-Induced  Anoxia. 


Oxygen 


Treatment 


N 


%R 


CO-hypoxia 
n  %R 


A95%N2-5%C02       (12)       43.5  (14)       31.6 

±4.0  ±5.8 

B95%CO-5%C02      (12)       63.0*  (14)       36.9" 

±4.3  ±7.5 

"  -  N.S.  Values  are  means  ±  SE.  Student  /  test  used 
to  test  significance.  Number  of  hearts  per  group  is  given 
in  parenthesis. 

•/»<0.05. 


veloped  tension,  an  increase  in  resting  ti 
and  a  reduction  in  percent  recovery, 
ever,  we  were  surprised  to  observe  th 
effect  was  also  different  in  that  th< 
treated  muscle  appeared  to  be  somewh; 
tected  during  the  gas  stress  and  that 
covered  to  a  significantly  greater  degree 
oxygen  was  reintroduced  into  the  b 
medium.  There  is  evidence  in  the  lite 
that  CO  can  be  burned  by  living  tissue 
and  Cobb  (11)  showed  that  the  stimi 
action  of  CO  on  the  respiration  of  fr< 
rat  skeletal  and  cardiac  muscle  was 
oxidation  of  CO  to  CO2.  This  work  wi 
firmed  by  Schmitt  and  Scott  (12)  and 
nard  (13).  Clark  et  al  (14)  working  wii 
tissue  showed  that  the  rate  of  CO  oxi 
was  greatest  for  heart  muscle,  next  for  s 
muscle  and  negUgible  in  skin  and 
Clark  (15)  also  demonstrated  CO-bun 
intact  turtles  and  mice. 

If  these  results  can  be  applied  to  ou 
ent  study,  it  is  possible  that  our  CO-st 
muscles  were  able  to  bum  a  small  amc 
CO  under  the  conditions  of  the  expe 
and  that  this  somehow  ameliorated  its 
effects.  It  is  not  known  what  the  mecl 
underlying  this  protective  effect  is  or 
might  act  to  maintain  tissue  integrity : 
tissue  recovery  following  the  CO-strc 
more  complete.  However,  if  tissue  in 
was  better  maintained  during  CO-strc 
tissue  would  be  less  damaged  and  wh 
ygen  was  again  made  available  capab 
greater  degree  of  recovery.  That  tissue 
rity  was  affected  by  both  gas  stresses  is 
by  the  electrolyte  changes  that  occurre 
sodium  content  of  both  the  N2-  an< 
stressed  muscle  increased,  while  the 
sium  content  decreased.  The  results  1 
dium  and  potassium  are  similar  to  th< 
ported  by  others  (16,  17)  and  seen  b) 
earlier  studies  (18).  However,  it  is  not  p 
from  the  techniques  used  in  this  sti 


TABLE  III.  Tissue  Electrolyte  Changes  after  Recovery  in  Oxygen  or  CO-Hypoxia  After 
NiTROcjEN  or  (B)  Carbon  Monoxide-Induced  Anoxia. 


n 

Na 

n 

K 

1.  Recovery  in  oxygen 

A  95%  N2-5%  CO2 

(10) 

+23% 

(II) 

-18' 

B  95%  CO-5%  CO2 

(II) 

+21% 

(12) 

-17< 

11.  Recovery  in  CO 

A  95%  N2-5%  CO2 

(II) 

+  19% 

(12) 

-24' 

B  95%  CO-5%  CO2 

(10) 

+  16% 

(12) 

-24 
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nine  if  cellular  disruption  was  more 
»e  in  the  N2-stressed  muscle. 
:h  the  N2-stressed  and  CO-stressed  mus- 
ecovered   somewhat   more   erratically 

recovery  occurred  in  the  oxygen-CO 
ire.  First,  the  extent  of  recovery  was 
ed  in  both  cases  so  there  was  no  longer 
lifTerence  in  %R,  Second,  the  range  of 
/as  always  greater  when  recovery  oc- 
1  in  the  CO  mixture,  and  with  both 
es  there  were  two  experiments  in  which 
eparations  failed  to  recover  completely, 
/ariability  of  %R  was  always  less  and 

was  always  some  degree  of  recovery 

recovery  occurred  in  oxygen, 
^eral  workers  have  shown  that  CO  stim- 
i  respiration  and  Breckenridge  (19)  dem- 
ited that  carbon  monoxide  oxidation  is 
'zed  by  cytochrome  oxidase  in  heart 
le  fraction.  Thus,  the  depressed  recovery 
iction  in  our  CO-hypoxia  experiments 
be  due  to  the  increased  O2  demand 
i  on  the  muscle  during  recovery  when 
/ailable  oxygen  supply  was  marginal.  It 
$sible  that  during  recovery  in  oxygen, 
oxygen  was  available  for  restitution  of 
lU  and  normal  metabolic  activity,  while 
g  recovery  in  CO  available  O2  was  di- 

between  these  two  activities  and  a  CO- 
lated  component.  Thus,  function  as  ex- 
;d  by  %R  would  be  reduced  when  CO 
Tesent  in  the  recovery  mixture. 
nmary.  The  direct  effects  of  carbon 
ixide  and  nitrogen-induced  anoxia  on 
solated  isometrically-contracting  right 
icle  of  the  rat  were  assessed  and  com- 
.  Both  gas  stresses  caused  a  decrease  in 
oped  tension,  an  increase  in  resting  ten- 
and  a  reduction  in  percent  recovery 

the  preparations  were  reoxygenated. 
t  was  no  significant  difference  in  the 
le  in  developed  tension  or  the  increase 
iting  tension  between  the  two  groups, 
/ery  after  10  min  of  reoxygenation  was 
icantly  greater  in  the  CO-stressed  mus- 
Recovery  from  either  anoxia  was  se- 


verely depressed  when  CO  was  present  dur- 
ing the  recovery  phase. 

Tissue  sodium  levels  were  elevated  while 
potassium  levels  were  depressed  by  both 
stresses. 

These  results  indicate  that  CO  may  have  a 
direct  effect  on  the  heart  in  addition  to  its 
well  known  hemoglobin  mediated  effect. 

This  work  was  supported  in  part  by  Illinois  Heart 
Association  Grant-In-Aid  No.  74-3.  The  authors  grate- 
fully acknowledge  the  technical  assistance  of  Ms.  Sharon 
Mumane. 
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The  in  vitro  immune  response  results  from 
a  complex  sequence  of  events  involving  B- 
and  T-lymphocytes  and  macrophages  (1-3). 
We  have  recently  demonstrated  that  a  phe- 
nolic compound,  gallic  acid  (GA)  (3,4,3-tri- 
hydroxybenzoic  acid),  suppresses  the  in  vitro 
plaque-fonning  cell  (PFC)  response  by  di- 
rectly inhibiting  a  macrophage  function  re- 
quired for  T-lymphocyte  participation  in  the 
immune  response  (4,  S).  This  has  been  dem- 
onstrated by  the  following  observations:  (a) 
The  in  vitro  PFC  response  to  E,  coli  0127 
lipopolysaccharide  (T-independent  antigen) 
by  spleen  cells  from  athymic  nude  mice, 
which  lack  functional  T-lymphocytes,  was 
unaffected  by  concentrations  of  GA  that 
blocked  the  anti-sheep  red  blood  cell  (SRBC) 
response  (T-dependent)  in  C57B1/6  mice  (5), 
and  (b)  adherent  cells,  adherent  cell  super- 
natant fluids,  and  2-mercaptoethanol  (2-ME) 
reversed  GA-induced  suppression  of  the  PFC 
response  (4,  5). 

The  effects  of  GA  on  the  immune  response 
are  of  particular  interest  since  G  A  is  both  an 
additive  metabolite  of  propyl  gallate  and 
tannic  acid,  and  a  normal  constituent  of  food. 
Large  amounts  are  consumed  as  free  GA  and 
as  hydrolyzeable  tannins  in  foods  such  as  tea, 
cocoa,  and  coffee  (6).  Further,  tea  tannins 
have  been  causally  linked  to  hepatic  and 
esophageal  cancers  (7,  8). 

Another  measure  of  T-lymphocyte  func- 
tion which  might  be  influenced  by  GA 
through  its  action  on  macrophages  is  lym- 
phokine production.  The  ability  of  the  T- 
lymphocyte  mitogens  concanavalin  A,  phy- 
tohemagglutinin,  and  staphylococcal  entero- 

'  This  work  was  supported  in  part  by  NIH  Grant  No. 
R.  R.  05427,  DHEW  Grant  No.  S  000170,  and  American 
Cancer  Society  Grant  IM-148. 

^  Send  reprint  requests  to  Dr.  D.  L.  Archer,  Food  and 
Drug  Administration,  1090  Tusculum  Ave.,  Cincinnati, 
Ohio  45226. 


toxin  A  (SEA)  to  suppress  the  in  vitrc 
response  of  mouse  spleen  cells  to  SRB< 
shown  to  be  proportional  to  their  abi 
induce  lymphokine  interferon  (immune 
feron)  in  the  cultures  (9).  Further,  di 
yladenosine  3',S'-cyclic  monophoi 
(cAMP)  blocked  both  mitogen  induct 
suppressor  cell  activity  and  product] 
immune  interferon  in  a  manner  tha 
gested  a  direct  relationship  between  tl 
(10,11). 

GA  was  examined  for  its  effect  c 
induction  and  action  of  the  quantifiabl 
phokine,  immune  interferon.  Because 
feron  induction  is  both  quantitatively  i 
to  suppressor  cell  activity  (11)  and  dep< 
on  the  presence  of  functional  macro{ 
(12),  it  is  a  logical  assay  system  for  sti 
the  immunobiological  effects  of  G/ 
other  environmentally  encountered 
pounds  that  potentially  interfere  with  n 
immunoregulation. 

Methods  and  materials.  Animals.  CS 
female  mice,  8-  to  10- week-old,  were  obi 
from  Jackson  Laboratories,  Bar  Harboi 

Antigens.  SRBC  were  obtained  fron 
orado  Serum  Co.,  Denver,  CO.  Culture 
immunized  in  vitro  with  3  X  10^  SRBC 

Cultures.  Dissociated  mouse  spleen 
were  cultured  exactly  as  described  by  M 
and  Dutton  (13).  Direct  PFC  assays 
performed  on  microscope  slides  (14)  a 
days  of  incubation. 

Reagents.  SEA  was  produced  by  th 
crobial  Biochemistry  Branch,  Division  < 
crobiology.  Food  and  Drug  Administi 
Cincinnati,  OH.  Its  purity  was  estima 
be  >99%  by  extinction  coefficient  (15 
was  obtained  from  ICN  Pharmaceu 
Cleveland,  OH,  and  added  to  cultu 
culture  medium.  The  percentage  of  c 
and  hydrogen  and  the  melting  point  ra 
the  GA  used  in  these  experiments  agre 
literature  values.  The  2  ME,  99%  pur 
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1  from  Matheson,  Coleman  and  Bell, 
kI,  oh,  and  added  to  designated  cul- 
a  final  concentration  of  5  x  10"^  M, 
Thymidine  incorporation,  DNA  syn- 
gas determined  by  the  addition  of  1 
-thymidine  (New  England  Nuclear, 
MA)  to  Mishell-Dutton  cultures  for 
1  18  hr  of  a  72  hr  incubation  period, 
ere  harvested  on  glass  fiber  pads  by 
filtration,  washed  twice  with  normal 
nd  once  with  trichloroacetic  acid.  The 
;re  placed  in  liquid  scintillation  vials 
ml  of  Dimilume-30  (Packard  Instru- 
0.,  Downers  Grove,  IL)  was  added  to 
il.  Counts  were  performed  in  a  Pack- 
quid    Scintillation   Counter   (Model 

tion  of  interferon  and  interferon  as- 
!ouse  spleen  cell  cultures  were  pre- 
ixactly  as  described  for  the  in  vitro 
sponse  except  SRBC  were  omitted. 
.5  /ig/ml)  was  added  to  cultures  for 

1  induction  of  interferon.  Cultures 
:ubated  for  48  hr  under  the  conditions 
)A  for  the  in  vitro  PFC  response  (13). 

supematants  were  harvested  by  cen- 
ion  at  (400g  for  10  min).  Supematants 
her  assayed  for  interferon  activity  on 
of  harvest  or  frozen  immediately  and 
t  —70°  for  no  more  than  5  days  before 
;.  Interferon  activity  was  quantitateJ 
niter  plates  by  the  method  of  plaque 
►n  of  vesicular  stomatitis  virus  (40 
lallenge  dose)  in  mouse  L  cells.  Meth- 
)se  was  used  as  an  overlay  (16)  rather 
•boxymethyl-cellulose. 
'ent  cell  cultures.  Peritoneal  exudate 
re  obtained  by  injecting  8  ml  of  37** 
medium  intraperitoneally,  then  with- 
;  the  injected  fluid.  The  exudate  cells 
ashed  by  centrifugation  and  resus- 
in  culture  medium.  Sufficient  cells 
ded  to  culture  dishes  so  that  approx- 

2  X  10^  adherent  cells  per  dish  (17) 
>tained.  Adherent  cell  cultures  were 

three  times  gently  with  culture  me- 
efore  GA-treated  spleen  cells  were 

ts  and  discussion.  Table  I  presents 
\m  parallel  experiments  on  the  indi- 
ind  combined  effects  of  GA,  SEA, 
vlE  on  the  direct  anti-SRBC  PFC 
5,  interferon  induction,  and  DNA 
s  in  mouse  spleen  cell  cultures.  SEA, 


an  established  T-cell  mitogen  and  immune 
interferon  inducer  (9,  18),  inhibited  the  PFC 
response  by  90%.  Previous  studies  have 
shown  that  this  inhibition  occurs  via  suppres- 
sor cell  activation  (9,  11,  19).  As  shown,  the 
inhibition  of  the  PFC  response  was  associated 
with  induction  of  immune  interferon  and 
stimulation  of  DNA  synthesis  (as  reflected) 
by  increased  ^H-thymidine  incorporation  into 
DNA  in  the  cells).  GA  alone  blocked  the 
normal  PFC  response  and  inhibited  DNA 
synthesis.  These  effects  were  previously 
shown  to  be  due  to  blockade  of  macrophage 
function  (4,  5).  GA  blocked  both  SEA-induc- 
tion  of  interferon  and  stimulation  of  DNA 
synthesis. 

Although  2-ME  (5  X  10"^  A/)  alone  stim- 
ulated DNA  synthesis  and  slightly  enhanced 
the  PFC  response,  it  did  not  induce  inter- 
feron. This  is  consistent  with  its  property  of 
replacing  some  macrophage  function(s)  (20, 
21).  Neither  the  PFC  suppressor  cell  effect  of 
SEA  nor  SEA-induction  of  interferon  and 
stimulation  of  DNA  synthesis  were  blocked 
by  2-ME.  In  fact,  2-ME  enhanced  the  inter- 
feron-inducing  property  of  SEA,  which  is 
known  to  require  macrophage  help.  Both  the 
PFC  suppressive  effect  and  the  DNA  synthe- 
sis inhibitory  effect  of  GA  were  completely 
blocked  by  2-ME.  This  is  presumably  due  to 
2-ME  replacing  a  blocked  macrophage  func- 
tion. The  inhibitory  effect  of  GA  on  SEA- 
induction  of  interferon  and  stimulation  of 
DNA  synthesis  was  blocked  by  2-ME,  which 
is  able  to  substitute  for  macrophage  func- 
tion(s)  (20,  21).  Thus,  as  expected,  the  substi- 
tution by  2-ME  for  the  macrophage  func- 
tion(s)  inhibited  by  GA,  permitted  SEA  to 
suppress  the  PFC  response.  Reversal  by  2- 
ME  of  the  interferon  lymphokine  inhibitory 
effect  of  GA  indicates  that  another  macro- 
phage-dependent  function  is  blocked  by  GA. 

This  blockade  of  macrophage  function  by 
GA,  as  measured  by  decreased  interferon 
activity,  was  further  investigated  by  reconsti- 
tution  with  untreated  macrophages.  Specifi- 
cally, 1.5  X  10^  spleen  cells  per  ml  in  culture 
medium  were  incubated  for  24  hr  with  20  /ig 
GA  per  ml.  Excess  GA  was  removed  from 
spleen  cells  by  washing  twice  with  minimal 
essential  medium,  followed  by  the  addition 
of  the  treated  cells  to  adherent  peritoneal  cells 
from  mouse  peritoneal  exudate  (17).  SEA,  0.5 
/ig/ml,  was  added  to  the  cultures  and  inter- 
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TABLE  I.  Effect  of  Gallic  Acid  (GA)  on  the  Mouse  Spleen  Cell  Anti-SRBC  PFC  Response,  and 
SEA  Induction  of  Immune  Interferon  and  DNA  Synthesis. 


Treatment 


Direct  anti-SRBC 

PFC/culture  (Mean 

±SEM) 


Units  interferon/ 
ml  (Logio) 


^H-thymidine  up- 
take, cpm  10~^ 
(Mean  ±  SEM) 


None 

3850  +  29- 

<0.5* 

187  ±  13' 

SEA  (0.2  fig/ml) 

383  ±  192 

1.85 

814  ±  70 

GA(10fig/ml) 

<50 

<0.5 

98  ±5 

GA  +  SEA 

<50 

<0.5 

90±7 

2.ME'' 

4917  ±  770 

<0.5 

306  ±  15 

SEA  +  2-ME 

150  ±  150 

2.45 

683  ±  42 

GA  +  2-ME 

5217  ±  235 

<0.5 

275  ±9 

GA  +  SEA  +  2-ME 

425  ±25 

2.25 

507  ±  19 

'  Mean  ±  SEM  of  triplicate  determinations,  background  corrected;  data  are  representative  of  several  experimeots. 
*  Mean  of  duplicate  determinations  for  each  dilution;  data  are  representative  of  at  least  two  experiments. 
''  Mean  ±  SEM  of  triplicate  determinations;  data  are  representative  of  several  experiments. 
''  Added  to  final  concentration  of  5  x  lO"'^  M. 


feron  concentrations  were  detennined  after 
48-hr  incubation  (9).  The  adherent  cells  re- 
stored the  abiUty  of  SEA  to  induce  immune 
interferon  in  GA-treated  cultures  (compare 
line  S  with  line  4,  Table  II).  The  combined 
interferon  output  of  the  GA-treated  spleen 
cell  control  and  untreated  adherent  cell  con- 
trol was  only  one-fourth  that  of  the  macro- 
phage-reconstituted  cultures.  This  pattern  of 
interferon  induction  was  shown  in  repeated 
experiments.  Cultures  that  did  not  receive 
SEA  contained  less  than  0.5  units  of  inter- 
feron per  ml.  The  data  are  consistent  with 
previous  studies  showing  that  macrophages 
are  required  for  optimal  production  of  im- 
mune interferon  in  humans  (12). 

An  alternate  interpretation  of  the  above 
findings  is  that  GA  inactivated  the  induced 
interferon  rather  than  blocked  its  induction. 
To  test  this  possibility,  immune  interferon 
was  incubated  with  various  concentrations  of 
GA  at  31''  for  1  hr  and  titrated  for  residual 
antiviral  activity  (Table  III).  At  concentra- 
tions as  high  as  10  /ig  per  ml,  GA  had  no 
inhibitory  effect  on  already  induced  inter- 
feron. Thus,  GA  blocked  the  induction  of 
immune  interferon  but  did  not  block  the 
establishment  of  antiviral  activity  of  already 
induced  interferon. 

The  interactions  of  immunoregulatory  cells 
are  poorly  understood;  however,  loss  of  sup- 
pressor cell  function  in  the  gut  could  contrib- 
ute to  autoimmune  disorders  (22,  23),  altered 
mucosal  penetrability,  and  increased  IgE  im- 
munoglobulin formation  (25).  The  data  show 
that  GA  is  capable  of  blocking  a  macrophage- 
dependent  T-cell  function  (induction  of  im- 
mune interferon)  that  may  be  associated  with 


TABLE  II.  SEA  Induction  of  Interferon  in 

Mouse  Spleen  Cells;  Adherent  Cell  Reversal 

OF  GA  Suppression. 


Treatment 

Units  interferoD 

Spleen 

Adherent 

per  ml  (Logio  ± 

cells 

SEA 

GA- 

cells* 

SEM) 

+ 

+ 

- 

- 

3.00  ±0.00(1000)' 

+ 

+ 

- 

+ 

2.63  ±0.18  (427) 

- 

+ 

- 

+ 

1.43  ±0.18  (27) 

+ 

+ 

+ 

- 

1.87  ±0.09(74) 

+ 

+ 

+ 

+ 

2.63  ±  0.32  (427) 

"^  Cultures  incubated  24  hr  with  20  iig/m\  GA,  then 
washed  and  restored  in  culture  medium. 

^  Approximately  2  x  10^  adherent  mouse  peritoneal 
ceUs. 

''  Concentrations  of  interferon  expressed  numerically; 
data  are  presented  as  the  mean  ±  SEM  of  duplicate 
determinations;  patterns  of  interferon  production  are 
representative  of  at  least  two  experiments. 

TABLE  III.  Effect  of  GA  on  the  Established 

Antiviral  Activity  of  SEA-Induced  Immune 

Interferon. 


GA- 
Oig  per  ml) 


Residual  interferon  activity 
(Logio  mean  ±  SEM) 


0 

2 
5 
10 


2.45  ±  0.05 
2.40  ±  0.00 
2.35  ±0.15 
2.45  ±  0.05 


"GA  and  SEA-induced  interferon  were  incubated 
together  at  37  ^^  for  1  hr  and  the  residual  antiviral  activity 
was  determined  as  previously  described  (9).  Data  pre- 
sented as  mean  ±  SEM  of  duplicate  determinatioos; 
replicate  experiments  showed  GA  had  no  effect  on  es- 
tablished antiviral  activity  of  immune  interferon. 


suppressor  cell  activity.  Since  GA  and  related 
metabolites  occur  in  highest  concentration  in 
the  gastrointestinal  tract  and  liver,  their  ef- 
fects should  be  greatest  in  these  organs. 
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We  have  previously  shown  and  have  fur- 
ler  demonstrated  here  that  G  A  is  capable  of 
locking  a  macrophage-dependent  helper  cell 
Linction  (PFC  response  to  SRBC)  (4,  5).  GA 
•rovides  a  chemical  probe  for  specifically 
ilocking  at  least  two  macrophage-dependent 
^-cell  functions.  Another  food  additive,  car- 
ageenan,  affects  various  macrophage-de- 
^ndent  immunologic  events  in  vitro  (26,  27) 
nd  depresses  resistance  to  virus-induced  tu- 
tors in  mice  (28).  Because  GA  is  a  normal 
nd  additive-type  dietary  component  con- 
umed  in  large  amounts  in  various  countries, 
his  and  related  phenols  and  polyphenols 
hould  be  further  studied  to  detennine  pos- 
ible  biological  consequences  of  ingestion. 

Summary.  Gallic  acid  (GA),  a  food  con- 
tituent  and  food  additive  metabolite, 
blocked  macrophage-dependent  mitogen-in- 
luced  interferon  production  and  suppressor 
r-lymphocyte  function.  Interferon  produc- 
ion  was  restored  by  adherent  peritoneal  mac- 
ophages  or  2-mercaptoethanol,  a  macro- 
)hage  substitute.  GA  failed  to  block  the  an- 
iviral  activity  of  preformed  mitogen-induced 
nterferon.  Possible  consequences  of  loss  of 
ymphokine  production  and  suppressor  T- 
ymphocyte  fiinction(s)  are  discussed. 
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Alkylating  agents  have  been  used  fre- 
quently as  tools  to  produce  cataracts  in  ex- 
perimental animals  (1).  Alkylating  agents  are 
known  to  interfere  with  nonnal  cell  division 
in  lens  epithelial  cells  (2),  but  the  mechanisms 
by  which  the  cataracts  are  produced  remain 
obscure.  Such  compounds  are  well  known  for 
producing  damage  to  DNA  of  other  cell  types 
which  results  in  DNA  repair.  Recently  we 
have  shown  that  DNA  repair  synthesis  is 
active  in  the  lens  cells  following  damage  by 
uv  light  (3).  The  present  experiments  were 
done  to  determine  whether  alkylating  agents 
could  also  induce  such  unscheduled  DNA 
synthesis  (DNA  repair  synthesis)  (4)  in  lens 
epithelial  cells.  The  ability  to  induce  repair 
synthesis  would  demonstrate  that  alkylating 
agents  interacted  with  and  presumably  dam- 
aged the  lens  epithelial  cell  DNA. 

Materials  and  methods.  Whole  lenses  from 
male  Osbome-Mendel  rats  (175-200  g)  were 
incubated  in  4  ml  of  medium  (S)  containing 
nitrogen  mustard  (HN2,  10"^,  4-nitroquino- 
line-1 -oxide  (4-N(JO,  2  X  10"^  A/),  or  no 
drug.  The  HN2  was  made  up  directly  in  the 
medium.  4-NQO  was  made  up  as  a  10"^  M 
solution  in  30%  ethanol  and  an  aliquot  of  80A 
was  added  to  4  ml  of  the  medium.  The  control 
lens  received  80A  of  30%  ethanol.  After  one- 
half  hour,  the  lenses  were  placed  in  fresh 
medium  containing  5  /iCi/ml  of  tritiated  thy- 
midine (^HTdR,  40-60  Ci/mM,  New  Eng- 
land Nuclear)  and  incubation  continued  for 
2  hr.  After  that  time,  the  lenses  were  rinsed 
three  times  in  phosphate  buffer,  and  placed 
in  Camoy's  fixative.  Whole  mounts  were  pre- 
pared from  lens  epithelium  (6),  and  were 
dipped  in  Kodak  NTB-2  emulsion.  The  slides 
were  developed  for  2  weeks  under  refrigera- 
tion, developed  with  Kodak  D-19,  fixed  with 
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Rapid  Fix,  and  stained  with  hematoxylin  and 
eosin. 

Results,  Figure  la  demonstrates  the  typical 
nuclear  labeling  pattern  which  was  observed 
following  incubation  of  a  rat  lens  with  NHi 
followed  by  ^HTdR.  This  type  of  diffuse  nu- 
clear labeling  is  typical  of  DNA  repair  syn- 
thesis such  as  has  previously  been  observed 
in  HeLa  (7)  and  lens  cells  (3).  This  type  of 
labeling  was  not  observed  in  control  lenses 
(Fig.  lb)  which  were  not  subjected  to  the 
alkylating  agent.  The  heavily  labeled  cells 
which  are  seen  in  both  figures  are  typical  of 
replicative  DNA  synthesis  (8),  which  can  be 
seen  to  persist  in  the  NH2  treated  lenses. 

A  diffuse  labeling  pattern  consistent  with 
DNA  repair  synthesis  was  also  induced  by 
exposure  of  the  lens  to  2  x  10"*  M-NQO. 
This  alkylating  agent  also  did  not  interfere 
with  replicative  type  labeling  at  the  concen- 
tration used. 

Discussion.  Many  alkylating  agents,  includ- 
ing HN2  (1),  have  been  shown  to  cause  cata- 
racts. The  opacities  are  generally  posterior 
subcapsular  cataracts  which  do  not  appear 
for  months  or  years  after  the  initial  exposure. 
Such  similarities  to  ionizing  radiation  effects 
have  caused  alkylating  agents  to  be  referred 
to  as  "radiomimetic"  (1).  Evidence  is  strong 
that  the  primary  site  of  action  of  X-rays  in 
the  lens  is  to  the  epithelial  cells  rather  than  to 
the  cortical  fibers  already  formed  (9).  Our 
results  show  that  the  lens  cell  DNA  is  also 
one  target  of  alkylating  agents  since  unsched- 
uled DNA  synthesis  in  the  epithelial  cells 
followed  exposure  to  the  drugs.  In  other  cell 
systems,  DNA  damage  which  is  unrepaired 
or  "misrepaired"  (10)  has  been  proposed  to 
cause  cellular  aging  (11)  and  mutations  (12). 
One  might  expect  these  agents  to  produce 
similar  effects  in  the  lens  cells. 

The  results  reported  here  support  the  sug- 
gestion that  certain  cataractogenic  agents 
have  their  initial  effect  on  the  lens  epithelial 
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Fig.  1.  Autoradiograms  of  epithelia  prepared  from  whole  rat  lenses  incubated  in  vitro  with  3  HTdR  (a)  following 
one  half  hour*s  incubation  with  10~^  M  HN2  (b)  untreated  control. 


cell  DNA.  If  this  initial  damage  is  not  re- 
paired, or  is  misrepaired,  the  cell  may  express 
itself  abnormally  in  terms  of  cell  division, 
protein  synthesis,  and  differentiation  into  fi- 
bers with  ultimate  opacification.  These  events 
may  occur  with  considerable  time  delay  due 
to  the  normal  differentiation  scheme  for  lens 
epithelium. 

The  importance  of  the  repair  process  for 
maintenance  of  normal  lens  clarity  is  sug- 
gested by  split  dose  ionizing  radiation  studies. 
A  single  dose  of  X-ray  which  produces  opa- 
cification fails  to  produce  cataracts  if  the  total 
dose  is  split  and  given  in  several  small  incre- 
ments. In  the  case  of  neutron  irradiation, 
splitting  a  cataractogenic  dose  does  not  de- 
crease the  severity  of  the  cataract  produced 
(13).  In  contrast  to  X-rays,  which  produce 
repairable  single  strand  breaks,  neutrons  pro- 
duce a  high  proportion  of  nonrepairable  dou- 
ble strand  breaks  (14).  Thus,  splitting  an  X- 
ray  dose  allows  time  for  the  smaller  amounts 
of  damage  to  be  repaired  before  additional 
damage  is  imposed  by  subsequent  doses.  No 
benefit  results  from  splitting  the  neutron  dose 
since  little  repair  occurs  in  the  interim. 

Summary.  Two  alkylating  agents,  HN2  and 
4-NQO  were  found  to  induce  repair  synthesis 


of  DNA  in  rat  lens  epithelial  cells.  HN2  is 
known  to  produce  cataracts  similar  to  radia- 
tion cataracts.  A  mechanism  by  which  ra- 
diomimetics  may  produce  cataracts  is  pro- 
posed. 

1.  Conklin,  J.  W.,  Upton,  A.  C,  Christenberry,  K.  W., 
and  McDonald,  T.  P.,  Radiat.  Res.  19,  156  (1963). 

2.  von  Sallmann,  L..  Invest.  Ophthal.  4, 471  (1965). 

3.  Jose,  J.,  and  Yielding,  K.  L.  Exper.  Eye  Res.  24,  1 13 
(1977). 

4.  Rasmussen,  R.  E.,  and  Painter,  R.  B.,  Nature  (Lon- 
don) 203,  1360(1965). 

5.  von  Sallmann,  L.,  and  Grimes,  P.,  Invest.  Ophthal. 
13,210(1975). 

6.  Howard,  A.,  Suin  Technol.  27,  313  (1957). 

7.  Rasmussen,  R.  E..  and  Painter.  R.  B.,  J.  Cell  Biol. 
29,  11  (1966). 

8.  Scullica,  L.,  Grimes,  P.,  and  McElvain,  N.,  Arch. 
Ophthal.  70,  659  (1963). 

9.  Worgul,  B.  v.,  Merriam,  G.  R.,  Szechter,  A.,  and 
Srinivasan,  B.  D.,  Arch.  Ophthal.  94,  996  (1976). 

10.  Witkin,  E.  M.,  Genetics  79,  199  (1975). 

11.  Yielding,  K.  L.,  Perspect.  Biol.  Med.  17,  201  (1974). 

12.  Hill.  R.  F..  Photochem.  Photobiol.  4,  563  (1965). 

13.  Evans,  T.  C,  Richards,  R.  E.,  and  Riley,  E.  F., 
Radiat.  Res.  13,  737  (1960). 

14.  Fox,  B.  W.,  and  Ujtha,  L.  G.,  Brit.  Med.  Bull.  29, 
16(1973). 

Received  November  17, 1977.  P.S.E.B.M.  197a,  Vol.  157. 


ntOCEEOINOS  OF  THE  SOCIETY  FOR  EXPERIMENTAL  BIOLOGY  AND  MEDICINE  157.690-693(1978) 


Serum  Triiodothyronine  Concentrations  in  Riboflavin-Deficient,  Diabetic  and  Normal 

Mice  (401 24) 

A.  S.  REDDI 

Department  of  Medicine,  Diabetes  and  Metabolism  Division,  New  York  Medical  College,  J  249  F^th  Avenue, 

New  York,  N  Y.  10029 


Certain  investigations  have  demonstrated 
a  direct  relationship  between  thyroid  hor- 
mone and  riboflavin  metabolism  (1,  2).  He- 
patic concentrations  of  flavin  adenine  dinu- 
cleotide  (FAD),  flavin  mononucleotide 
(FMN)  and  free  riboflavin  are  significantly 
decreased  in  hypothyroid  and  increased  in 
hyperthyroid  rats  (1).  Similarly,  hepatic  activ- 
ity of  flavokinase,  which  converts  riboflavin 
to  FMN,  is  decreased  in  hypothyroid  animals 
(1).  Administration  of  thyroid  hormone  pro- 
duces nearly  a  twofold  increase  in  enzyme 
activity  of  these  animals  (1).  A  similar  hepatic 
profile  as  in  hypothyroidism  with  regard  to 
concentrations  of  flavin  coenzymes  and  fla- 
vokinase activity  was  demonstrated  in  ribo- 
flavin-deflcient  rats  (1).  Consequently,  a  bio- 
chemical similarity  between  hypothyroidism 
and  riboflavin  deficiency  was  proposed  (3). 

An  additional  interrelationship  between 
thyroid  hormone  and  riboflavin  metabolism 
was  described  by  Galton  and  Ingbar  (4). 
These  authors  reported  a  significantly  de- 
creased hepatic  deiodination  of  thyroxine  in 
riboflavin-deficient  rats.  The  deiodination  of 
thyroxine  was  not  affected  in  the  kidney, 
muscle  or  brain.  In  addition,  these  authors 
reported  that  the  urinary  excretion  of  ^^^I  and 
the  serum  concentration  of  protein-bound  io- 
dine were  similar  in  normal  and  riboflavin 
deficient  animals.  By  contrast,  Nolte  et  al,  (5) 
reported  a  significant  decrease  in  serum  im- 
munoreactive  thyroxine  concentration  in 
riboflavin  deficient  rats.  Since  spontaneous 
riboflavin  deficiency  was  reported  to  occur  in 
genetically  diabetic  KK  mice  (6),  the  present 
study  was  undertaken  to  investigate  whether 
or  not  the  serum  triiodothyronine  concentra- 
tions are  altered  in  these  mice. 

Material  and  methods.  The  Swiss  albino 
(SA)  and  KK  (genetic  diabetic)  mice  have 
been  inbred  in  our  laboratory  for  several 
generations.  They  were  fed  the  Old  Guilford 
mouse  laboratory  chow  (The  Emory  Morse 


Co.,  Guilford,  CN)  ad  libitum.  Both  groups 
of  mice  were  maintained  under  similar  labo- 
ratory conditions.  The  animals  in  this  part  of 
the  study  were  males  between  8  and  9  months 
of  age,  and  were  tested  for  riboflavin  nutri- 
tional status. 

Riboflavin  deficiency  was  produced  in  40- 
day-old  male  SA  mice.  They  were  purchased 
from  Camm  Research  Institute,  Wayne,  NJ. 
The  mice  were  divided  into  two  groups.  One 
group  was  placed  on  a  riboflavin  deficient 
diet  (ICN  Life  Sciences  Group,  Cleveland, 
OH)  for  50  days.  The  other  group  was  fed  the 
Old  Guilford  mouse  laboratory  chow  for  a 
similar  period  of  time.  Both  groups  of  mice 
were  fed  the  respective  diets  ad  libitum.  The 
mice  on  riboflavin  deficient  diet  lost  weight 
and  showed  signs  of  the  deficiency. 

All  groups  of  mice  were  maintained  in 
plastic  cages  with  sanichips  as  bedding.  Six 
KK  mice  were  given  140  /ig  of  riboflavin  per 
mouse  per  day  s.c.  in  0.9%  saline  for  20  days 
and  then  tested  for  riboflavin  nutritional  sta- 
tus. 

Prior  to  the  study,  the  mice  were  fasted  for 
18  hr  with  free  access  to  water.  Blood  was 
drawn  from  the  orbital  plexus.  Serum  was 
collected  by  centrifugation  of  blood  at  10,- 
OOOg  for  10  min.  All  serum  samples  were 
stored  at  —25^  until  analyzed  for  Ta  concen- 
trations. 

The  riboflavin  nutritional  status  of  each 
animal  was  assessed  by  determining  the  glu- 
tathione reductase  activity  in  erythrocyte 
hemolysates  (7).  The  hemolysates  were  pr^ 
pared  as  follows:  about  0.3-0.35  ml  of  whok 
blood  was  transferred  into  tubes  containing 
0.1  ml  of  ACD  solution  (7.3  g  of  anhydrous 
citric  acid,  22.0  g  of  sodium  citrate  and  24.5 
g  of  glucose  made  up  to  1  liter  with  water) 
and  centrifuged  at  200g  in  a  refrigerated  cen- 
trifuge for  10  min.  llie  plasma  and  bufiy 
coats  were  removed  with  a  Pasteur  pipette, 
and  the  red  cells  were  mixed  with  1.0  ml  of 
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Kiium  chloride.  The  suspension  was 
ged  at  200g  for  10  min,  and  the  su- 
nt solution  was  removed  and  dis- 
The  red  cells  were  mixed  again  with 
nd  centrifuged  as  before.  In  this  way, 
cells  were  washed  3  times.  To  prepare 
lolysate,  0.1  ml  of  erythrocyte  suspen- 
is  diluted  to  2.0  ml  with  cold  distilled 
nd  allowed  to  stand  at  4^  for  45  min. 
^pension  was  centrifuged  at  SOOg  for 
in  a  refrigerated  centrifuge  and  the 
itant  solution  was  separated  and 
it  —25°  until  assayed, 
ithione  reductase  activity  in  the  hem- 
was  determined  by  the  method  of 
>n  and  Sauberlich  (7).  The  assay  me- 
ontained  2.0  ml  of  100  mM  potas- 
xlium  phosphate  buffer,  pH  7.4,  0.1 
emolysate,  0.1  ml  of  7.4  mAf  oxidized 
ione  (GSSG),  0.05  ml  of  80  mAf 
Na2,  0.1  ml  of  1.9  mAf  NADPH,  0.1 
.27  mAf  FAD  and  distilled  water  to  a 
Jume  of  2.5  ml.  Two  tubes  were  used 
i  assay,  one  containing  FAD  and  the 
athout  FAD.  Blanks  for  these  tubes 
ed  the  respective  reactants  except 
sates.  All  the  reactants  except 
H  were  mixed  thoroughly  and  incu- 
it  37**  in  a  water  bath  for  8  min. 
ing  the  preincubation,  the  reaction  was 
by  the  addition  of  NADPH,  and  the 
ibsorbance  was  measured  at  340  nm 
sckman  DB  spectrophotometer.  The 
were  used  to  zero  the  instrument.  The 
1  mixture  was  transferred  into  a  tube 
;ubated  again  at  37°  for  10  min.  Fol- 
this  incubation  period,  the  reduction 
absorbance  (oxidation)  of  NADPH 
asured.  The  results  were  expressed  as 
coefficients  (AC),  calculated  by  di- 
iie  amount  of  reduction  of  absorbance 
OPH  in  the  presence  of  FAD  for  10 
the  amount  of  reduction  of  absorb- 
'  NADPH  without  added  FAD  for  10 
C  values  from  0.9  to  1.3  were  consid- 
»rmal,  and  those  greater  than  1.3  were 
;d  as  evidence  of  riboflavin  deficiency 
»ed  upon  AC  values,  both  SA  and  KK 
ere  classified  as  normal  (non-deficient) 
flavin-deficient. 

Klothyronine  (T3)  concentrations  were 
ined  in  0. 1  ml  of  serum  by  a  radioim- 
ssay,   with  an   RIA-Mat  circulating 


^^I-Ta  kit.  The  method  is  specific  for  meas- 
uring total  circulating  serum  T3  levels,  be- 
cause of  the  use  of  antibodies  which  react  in 
vitro  with  T3  but  not  with  thyroxine  or  mono- 
and  diiodotyrosines.  Duplicate  determina- 
tions were  performed  only  in  13  samples, 
since  sufficient  amount  of  serum  was  not 
available  in  the  remaining  samples.  The  dif- 
ference between  the  duplicate  samples  varied 
from  3  to  7.5%.  In  order  to  determine  the 
reproducibility  of  the  assay,  the  Ta  levels  were 
determined  in  five  samples  20  days  after  the 
original  determination.  The  standards  and 
the  reagents  were  used  from  the  same  kit. 
Five  to  ten  percent  decrease  in  the  T3  levels 
was  found.  The  method  is,  therefore,  accurate 
and  reproducible  in  our  hands.  The  T3  levels 
were  expressed  as  ng  per  100  ml  of  serum. 
Determinations  of  Ta  levels  were  done  in  a 
blind  fashion. 

Student's  /  test  for  unpaired  samples  was 
applied  to  calculate  the  significance  of  the 
difference  between  means  of  observations.  P 
values  greater  than  0.05  were  considered  non- 
signifcant. 

Chemicals.  GSSG,  NADPH,  FAD  and 
riboflavin  were  obtained  from  Sigma  Chem- 
ical Co.,  St.  Louis,  MO,  and  ^^^I-Ta  kit  in- 
cluding standards  from  Mallinckrodt-Nu- 
clear,  St.  Louis,  MO. 

Results.  Table  I  shows  the  mean  AC  values 
and  serum  Ta  levels  in  aged  SA  and  KK 
mice.  The  AC  values  of  riboflavin-deficient 
SA  and  KK  mice  did  not  differ  significantly 
from  each  other.  When  six  deficient  KK  mice 
were  supplemented  with  riboflavin,  their  AC 
values  returned  to  normal.  There  was  no 
significant  difference  in  Ta  concentrations  be- 
tween normal  and  riboflavin-deficient  SA 
mice.  Also  no  significant  difference  in  the  Ta 
level  was  found  between  normal  KK  and 
deficient  KK  mice.  Furthermore,  administra- 
tion of  riboflavin  to  deficient  KK  mice  did 
not  alter  the  Ta  concentrations.  No  statisti- 
cally significant  differences  in  Ta  levels  were 
found  between  normal  SA  and  normal  KK 
or  between  riboflavin-deficient  SA  and  ribo- 
flavin-deficient KK  mice. 

Induced  riboflavin  deficiency  in  young  SA 
mice  also  caused  no  difference  in  the  serum 
Ta  concentration  (Table  II).  Although  the 
mean  Ta  level  was  30%  higher  in  riboflavin- 
deficient  mice,  the  increase  was  not  statisti- 
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TABLE  I- 


SA 


KK 


Normal 


Deficient 


Normal 


Deficient 


Deficient  KK  + 
Riboflavin 


AC  1 .24  ±  0.02  (8)  1 .60  ±  0.06  (5) 

T3  49.00  ±  6.00  (8)  58.00  ±  5.00  (5) 
Sign^cance  {T:i) 

Normal  SA  vs.  Deficient  SA  :  NS 

Normal  KK  vs.  Deficient  KK  :  NS 

Normal  KK  vs.  Deficient  KK  +  riboflavin  :  NS 

Normal  SA  vs.  Normal  KK  :  NS 


1.00  ±0.02  (3) 
77.00  ±  17.00  (3) 


2.01  ±  0.40  (5) 
69.00  ±  13.00(5) 


1.15  ±0.03(6) 
49.00  ±9.00  (6) 


"  Activity  coeflicients  (AC)  for  gluuthione  reductase  activity  in  erythrocyte  hemolysates  and  serum  triiodothy- 
ronine (Ta)  concentrations  (ng/100  ml)  in  Swiss  albino  (SA)  and  genetically  diabetic  (KK)  mice  aged  8-9  months. 
Values  shown  are  means  ±  SE.  Numbers  in  parentheses  indicate  number  of  animals. 


TABLE  n.' 


Normal 


Riboflavin-deflcient 


73.00  ±  15.00  (7) 


95.00  ±  12.00(6)* 


*  Serum  triiodothyronine  levels  (ng/100  ml)  in  Swiss 
albino  mice  fed  control  and  riboflavin  deficient  diets  for 
50  days.  Each  value  is  the  mean  ±  SE.  Numbers  in 
parentheses  represent  number  of  animals. 

*  Normal  vs  riboflavin  deflcient :  p  «  NS. 

cally  significant  because  of  the  variability  of 
the  data. 

There  was  no  difference  in  the  fasting 
blood  sugar  levels  between  normal  and  spon- 
taneously developed  riboflavin-deficient  SA 
or  KK  mice.  However,  in  mice  with  induced 
riboflavin  deficiency  a  significant  decrease  (P 
<  0.00 1 )  in  the  fasting  blood  sugars  was  found 
when  compared  to  mice  fed  a  normal  diet  ad 
libitum  or  pair-fed  to  the  riboflavin-deficient 
group. 

Discussion.  It  has  been  shown  that  deter- 
mination of  the  erythrocyte  glutathione  re- 
ductase, an  FAD-containing  enzyme,  is  an 
accurate  procedure  for  assessing  the  ribo- 
flavin nutritional  status  in  rats  (7)  and  hu- 
mans (9-11).  In  the  deficient  state,  enzyme 
activity  is  stimulated  in  vitro  by  FAD  (12,  7) 
and  in  vivo  by  riboflavin  intake  (13).  The 
extent  of  stimulation  of  the  erythrocyte  glu- 
tathione reductase  in  vitro  is  inversely  related 
to  the  FAD  saturation  of  the  enzyme  protein, 
which  in  turn  is  dependent  on  the  availability 
of  riboflavin.  Glatzle  et  al.  (10)  have  reported 
the  percentage  of  stimulation  of  the  NADPH- 
dependent  erythrocyte  glutathione  reductase 
in  the  presence  of  added  FAD  as  a  measure- 
ment of  the  riboflavin  status  in  man.  They 
referred  to  this  stimulatory  effect  as  activity 
coefficient  (AC).  We  employed  the  erythro- 
cyte glutathione  reductase  assay  system  to 


assess  the  riboflavin  nutritional  status  of  aged 
normal  control  SA  and  genetically  diabetic 
KK  mice. 

The  KK  mice  are  an  inbred  strain  of  ani- 
mals with  spontaneous  hereditary  diabetes. 
They  develop  impaired  tolerance  to  oral  glu- 
cose (after  an  8  hr  fast)  between  2  and  3  moD 
of  age.  This  impairment  becomes  more  pro- 
nounced at  9  mon  of  age.  Since  these  mice 
demonstrate  mainly  impaired  tolerance  to 
glucose  with  nomud  fasting  blood  sugars, 
they  are  classified  as  chemical  diabetics  (14). 

The  present  report  demonstrates  that  spon- 
taneous riboflavin  deficiency  occurs  in  aged 
SA  and  KK  mice  on  a  chow  diet  This  defi- 
ciency was  not  due  to  a  low  caloric  or  ribo- 
flavin intake,  because  these  mice  consumed 
a  regular  quantity  of  food  (the  intake  of  food 
was  measured)  which  had  the  required 
amount  of  riboflavin  (3  mg/lb).  This  defi- 
ciency has  been  found  to  be  more  common 
among  KK  than  among  SA  mice  (6).  Admin- 
istration of  riboflavin  to  deficient  KK  mice 
returned  the  AC  values  to  normaL  A  bio- 
chemical similarity  between  hypothyroidism 
and  riboflavin  deficiency  has  been  demon- 
strated in  that  flavin  coenzymes  are  decreased 
in  the  liver  in  both  conditions  (3).  In  view  of 
this  similarity,  it  is  of  interest  that  serum  T3 
levels  remain  normal  in  mice  with  sponta- 
neous or  induced  riboflavin  deficiency. 

Galton  and  Ingbar  (4)  found  no  difference 
in  serum  protein-bound  iodine  levels  between 
normal  and  riboflavin-deficient  rats.  On  the 
other  hand,  Nolte  et  al.  (5)  reported  signifi- 
cantly decreased  levels  of  serum  thyroxine  in 
riboflavin-deficient  rats.  Nevertheless,  and  in 
spite  of  the  previous  observation  that  deiod- 
ination  is  impaired  in  riboflavin  deficiency 
(4),  the  serum  Ts  levels  were  unaltered  in 
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avin-deflcient  mice.  Fuithermore,  sup- 
^ntation  of  riboflavin  to  deficient  KK 
did  not  alter  the  T3  levels.  Additional 
\s  including  measurements  of  thyroxine 
are  indicated.  The  failure  to  observe 
;es  in  circulating  T3  levels  in  riboflavin 
ency,  associated  either  with  genetic  di- 
s  or  dietary  restriction,  suggests  that  thy- 
unction  remains  normal  in  this  condi- 
rhis  is  in  spite  of  the  fact  that  hypothy- 
m  and  riboflavin  deficiency  have  simi- 
fects  on  hepatic  flavin  coenzyme  levels 

nmary.  The  riboflavin  nutritional  status 
ssessed  by  activity  coefficient  (AC)  of 
hione  reductase  in  erythrocyte  hemo- 
s  of  normal  Swiss  albino  (SA)  and  ge- 
illy  diabetic  (KK)  mice  aged  8-9 
IS.  AC  values  greater  than  1.3  were 
lered  as  evidence  of  riboflavin  defi- 
f.  Based  upon  AC  values,  both  SA  and 
lice  were  divided  into  normal  and  ribo- 
-deficient  groups.  In  some  young  SA 
riboflavin  deficiency  was  product  by 
ig  of  a  riboflavin-deficient  diet.  In  both 
ad  and  riboflavin-deficient  mice,  the  se- 
L-triiodothyronine  (T3)  concentrations 
determined  by  radioimmunoassay.  The 
s  indicate  that  the  Ta  concentration  is 
Tected  either  in  riboflavin  deficiency  or 
tetic  diabetes. 
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Shope  papillomas  induced  in  domestic  rab- 
bits are  converted  into  squamous  cell  carci- 
nomas when  allowed  to  grow  on  skin  of  the 
animals  for  12  months  or  more  (1).  As  re- 
ported in  our  previous  paper,  the  papillomas 
induced  in  newborn  domestic  rabbits  grew 
more  than  6  months  in  the  majority  of  ani- 
mals without  sign  of  regression  (2).  The  ma- 
lignant conversion  began  to  take  place  in 
most  of  such  papillomas  after  the  lapse  of  1 
year,  concomitantly  with  blueing  of  the  serum 
in  these  animals.  Bluish  serum  has  also  been 
observed  in  rabbits  bearing  Vx2  and  Vx7 
carcinomas  (3).  The  bluish  color  of  the  serum 
is  ascribed  to  the  augmented  level  of  serum 
ceruloplasmin,  a  copper-containing  blue  en- 
zyme. The  present  paper  reports  the  quanti- 
tative and  qualitative  changes  of  serum  cer- 
uloplasmin, associated  with  the  malignant 
conversion  of  Shope  papillomas  to  carcino- 
mas. 

Materials  and  methods.  Rabbits.  The  pap- 
illomas were  induced  in  neonatal  rabbits  with 
intradermal  injection  of  Shope  papilloma  vi- 
rus (SPV).  These  animals  were  from  the  same 
group  as  used  in  the  previous  report  (2).  In 
addition,  some  domestic  rabbits  were  used 
for  induction  of  the  papillomas,  transplanta- 
tion of  Vx2  carinomas,  and  for  mating.  Sera 
obtained  from  these  animals  were  kept  frozen 
at  —20**  until  use.  Fresh  sera  were  also  sub- 
jected to  comparative  analysis. 

Histological  examination.  Biopsy  speci- 
mens were  taken  from  the  tumorous  tissues 
periodically  and  were  diagnosed  according  to 
the  pathological  criteria  for  malignancy. 

Quantitative  estimation  of  serum  copper 
level.  Concentration  of  serum  copper  was 
measured  according  to  the  Bathocuproine 
method  (4)  and  also  by  the  atomic  absorption 
spectrophotometry  (5). 

Disc  electrophoresis  and  stainings.  Disc  elec- 
trophoresis of  serum  was  performed  in  5% 
polyacrylamide  gel  under  the  conditions  de- 
scribed by  Omstein  (6).  The  protein  was 
stained  with  Amido  black  lOB  and  the  enzy- 


matic activity  was  manifested  by  soaking  the 
gel  overnight  at  37**  in  0.05% /^-phenylencdi- 
amine  in  0.1  A/  acetate  buffer  pH  5.7. 

Immunoelectrophoresis.  Immunoelectro- 
phoretic  analysis  was  performed  in  1.2%  aga- 
rose gel  according  to  the  micromethod  (7). 
Antisera  for  human  ceruloplasmin  and  for 
whole  rabbit  serum  were  purchased  from  Hy- 
land  (Costa  Messa,  USA)  and  Biken  (Osaka. 
Japan),  respectively. 

Results.  Serum  copper  level  in  rabbits  h*icA 
encountered  malignant  conversion  of  the  pap- 
illomas. Serum  copper  level  was  assayed  and 
comparison  was  made  among  the  sera  of 
seven  tumor-bearing  rabbits  at  4  months  of 
age  and  later  just  before  their  death  due  to 
the  malignancy.  In  these  animals,  ulceration 
of  papillomas  was  observed  around  12 
months  after  the  tumor  induction  and  was 
followed  by  the  swelling  of  regional  lymph 
nodes.  At  autopsy,  lung  metastasis  was  ob- 
served in  all  cases.  Malignant  conversion  was 
confirmed  by  histological  examination  of  ul- 
cerated portions  of  the  tumor  in  all  animals. 
As  shown  in  Table  I,  serum  copper  level 
before  death  was  elevated  2-^  times  as  com- 
pared to  that  at  4  months  of  age. 

Disc  electrophoretic  pattern  of  ceruloplasmin 
activity.  A  conspicuous  single  band  of  enzy- 
matic activity  was  manifested  in  the  serum  at 
4  months  of  age,  whereas  a  faint  second  band 
with  a  larger  mobility  appeared  in  the  senim 
from  the  same  animal  when  ulceration  of 
papilloma  was  first  noticed,  and  such  double 
band  became  apparent  4  months  later  when 
ulceration  was  exacerbated  (Fig.  1  A).  Similar 
findings  were  observed  in  the  sera  from  all 
seven  animals  examined.  The  double  bands 
were  also  observed  in  rabbits  transplanted 
with  Vx2  carcinomas  (Fig.  IB).  A  single  band 
in  the  normal  serum  and  the  double  bands  in 
the  carcinomatous  serum  were  manifested 
irrespective  of  fresh  or  frozen  serum. 

Changes  in  serum  copper  level,  disc  electro- 
phoretic and  immunoelectrophoretic  pattern  of 
ceruloplasmin  in  a  single  rabbit,  assodaied 
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.  Serum  Copper  Level  in  Rabbits  with 
js-Induced  Papillomas  and  at  the 
Malignant  Conversion. 


Serum  copper"  (/ig/ 
dl) 


Occurrance 
(months)  of 


At  4 

Before 

Ulcera- 

months 

death 

tion 

Death 

91 

358 

15 

17 

131 

353 

21 

25 

108 

324 

17 

18 

97 

324 

16 

18 

125 

301 '^ 

14 

r 

74 

438 

12 

14 

108 

319 

13 

16 

nined  by  the  Bathocuproine  method. 

red  at  5  months  after  ulceration  was  noticed. 

J  surviving. 

:1     c2     c2 


(A)  (B) 

Disc  electrophoretic  pattern  of  ceruloplasmin 
malignant  conversion  (A)  and  at  Vx2  trans- 
(B).  (A),  Sera  from  rabbit  No.  215.  p:  4 
age,  cl:  14  months  of  age  when  ulceration  of 
was  noticed,  c2:  5  months  thereafter.  Three 
the  left  were  stained  for  ceruloplasmin  activ- 
e  4  for  protein.  (B),  Sera  from  rabbit  No.  322. 
v:  2  months  after  Vx2  transplantation.  Two 
the  left  were  stained  for  ceruloplasmin  activ- 
e  3  for  protein.  Anode  is  downward. 

nancy,  malignant  conversion  and  total 
of  tumor  Serum  copper  level  was 
be  elevated  approximately  twice  at 
^n  and  four  times  at  malignant  con- 
is  compared  with  that  of  the  normal 
^ig.  2).  The  elevated  level  in  carci- 
s  serum  dropped  to  the  normal  level 
dl  at  1  month  after  total  resection  of 
►r.  Ceruloplasmin  activity  was  man- 
disc  electrophoresis  as  a  single  band 
il  serum  and  at  parturition,  and  as 
»ands  in  carcinomatous  serum.  Im- 


munoelectrophoretic  analysis  revealed  a  sin- 
gle precipitation  arc  in  sera  from  both  preg- 
nant and  carcinomatous  animals,  but  the  arc 
formed  in  the  latter  showed  more  widely 
distributed  pattern  of  the  precipitate.  These 
results  were  consistent  with  those  obtained  by 
disc  electrophoretic  analysis. 

Discussion.  Elevation  of  serum  copper  or 
ceruloplasmin  level  is  known  to  occur  in  dis- 
eases such  as  cancer,  inflammation,  biliary 
duct  obstruction  (8-10).  In  cancer  patients, 
elevated  serum  copper  level  is  reportedly  high 
at  approximately  twice  the  normal  level.  In 
the  present  work  with  rabbits,  we  found  the 
augmentation  of  serum  copper  and  a  possible 
qualitative  change  of  serum  ceruloplasmin 
accompanying  the  malignant  conversion  of 
Shope  papillomas.  Ulceration  is  assumed  to 
be  the  first  macroscopic  sign  of  benign-to- 
malignant  conversion  taking  place  in  the  tu- 
mor system  (1).  The  bluish  coloration  of  the 
serum,  as  reported  herein,  is  also  indicative 
of  such  malignant  alteration.  Although  a  di- 
rect relationship  was  not  established,  it  is 
plausible  to  assume  that  the  bluish  color  is 
due  to  the  elevated  level  of  serum  ceruloplas- 
min, as  indicated  by  elevated  copper  levels 
and  intense  ceruloplasmin  activity  in  the  se- 
rum specimens. 

Physiological  augmentation  of  ceruloplas- 
min occurs  also  in  association  with  pregnancy 
(9).  Comparison  of  such  augmented  cerulo- 
plasmin was  made  in  a  single  rabbit  at  preg- 
nancy and  at  malignant  conversion  and  a 
qualitative  difference  was  evident  among 
both  sera.  The  enzymatic  activity  was  mani- 
fested as  a  single  band  at  pregnancy  and  as 
double  bands  at  malignant  conversion.  One 
might  argue  that  the  double  band  formation 
could  be  due  to  artifacts  occurring  with  stor- 
age and  that  loss  of  enzymatic  activity  may 
have  taken  place  during  storage  for  one  com- 
ponent and  not  for  the  other.  However,  fresh 
sera  from  carcinomatous  rabbit  also  gave 
double  bands  and  fresh  normal  sera  a  single 
band,  thus  excluding  such  possibilities.  Two 
distinct  ceruloplasmin  activities  could  be  due 
to  two  distinct  isozymes  of  ceruloplasmin, 
although  in  the  present  experiment,  we  could 
not  exclude  the  possibility  that  one  band  is 
due  to  a  degraded  product  or  a  complex  of 
the  native  enzyme.  The  presence  of  cerulo- 
plasm  in  isozymes  has  been  reported  in  hu- 
man serum  (11)  but  not  in  rabbit  serum.  Our 
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Fig.  2.  Disc  electrophoretic  and  immunoelectrophoretic  patterns  of  ceruloplasmin  in  sera  from  a  single  rabbit 
No.  176  at  parturition  and  at  malignant  conversion.  (A),  Disc  electrophoretic  pattern  of  enzymatic  activity,  n:  normal 
p:  at  parturition,  c:  at  malignant  conversion.  Three  tubes  from  the  top  were  stained  for  enzymatic  activity  and  tube 
4  for  protein.  Each  tube  is  annexed  with  serum  copper  level  measured  by  the  atomic  absorption  spectrophotometn 
(B),  Immunoelectrophoretic  pattern  of  the  same  sera  in  (A).  Anti-Cp:  anti-human  ceruloplasmin  serum,  Anti-WS: 
anti-rabbit  whole  serum.  Anode  is  to  the  left. 


preliminary  results  on  heat-stability,  optimal 
pH  range  and  inhibition  by  NaNa  have 
shown  substantial  differences  between  the  en- 
zymatic activities  of  the  two  components,  and 
such  finding  is  consistent  with  the  assumption 
that  these  are  indeed  isozymes.  An  invariable 
symptom  as  such  may  be  utilized  as  a  marker 
for  the  malignant  conversion  of  benign  tu- 
mors. 

Summary.  Shope  papillomas  neonatally  in- 
duced in  domestic  rabbits  were  observed  to 
convert  into  squamous  cell  carcinomas  after 
the  lapse  of  a  year  or  more.  The  ulceration  of 
the  tumor,  the  bluish  coloration  of  the  serum 
and  the  elevation  of  serum  copper  level  were 
concomitantly  observed  in  these  animals.  The 
serum  copper  was  found  to  be  augmented 
two  to  six  times  higher  among  animals  with 
malignancies  than  those  with  benign  papil- 
lomas. Disc  electrophoretic  analysis  of  the 
serum  showed  that  ceruloplasmin  activity  was 
manifested  as  single  and  double  bands,  before 
and  after  the  malignant  conversion,  respec- 
tively. The  serum  at  parturition  also  showed 
an  elevated  serum  copper  level  but  only  a 
single  band  of  ceruloplasmin  appeared  in  disc 
electrophoretic  analysis. 
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